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Executive summary 
 
For centuries, millions of hectares of tropical forests have been cleared and replaced by 
commercial plantations or converted to agricultural lands. Some of these have been 
abandoned and provide opportunities for restoring natural forests and augment the 
depleting forest cover in the tropics. In India as in other parts of the world, many 
commercial plantations such as tea, coffee and cardamom are located in biodiversity-rich 
areas and some of them get abandoned due to various reasons. Such abandoned lands 
provide an opportunity to understand the ecological processes of succession and explore 
cost-effective ecological restoration models. My research work focuses on tea plantations 
to understand the ecological, social, economic and legal dimensions that need to be 
considered for restoring natural forests in abandoned plantations. I studied the ecological 
processes of colonisation by native species in abandoned plantations and the socio-
economic aspects in both abandoned and managed plantations in the Agasthyamalai 
region of the southern Western Ghats. 
 
The ecological aspect identified factors influencing colonisation such as forest proximity, 
elevation, frugivore assemblage, functional traits of plants and microsite conditions in 
abandoned plantations. The social, economic and legal issues related to abandonment 
were addressed through a questionnaire survey of various stakeholders.   
 
Forest proximity to tea plantations is critical for native species to colonise the plantations. 
Nearly 92% of the seeds are animal-dispersed, even then seeds do not move more than 
60–95 m from the forest edge, which significantly restricts species’ colonisation inside 
the plantations. Species composition of woody plants and seedlings becomes less diverse 
and more homogeneous further away from the forest indicating that a small subset of the 
species pool is colonising the interiors of the plantations. Most of the species that reach 
the tea plantation are early successional species dispersed by small birds while large-
seeded species dispersed by hornbills and pigeons are not established in the plantations.  
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There are clear elevational differences in invasive species’ colonisation.  Lantana camara 
is found overgrown in the lower elevation plantations and tea bushes in the higher 
elevation ones. This can be attributed to rainfall and other factors. There is also a 
differential pattern in mortality of native species under exotic species. While seedlings of 
native species does not appear to be affected by density of exotic species, woody plants 
were negative affected in the lower elevation plantation (Chinnamanjolai) but not at the 
higher elevation (Netterikal). Further, for woody plants, soil penetration and pH, and for 
woody seedlings, pH and macro-nutrients such as organic carbon, phosphorus, and 
nitrogen explained the variations in species occurrences in the plantations. 
 
Restoration can be facilitated by retaining shade trees in the tree-less tea landscape. This 
increased native species richness by 3 times and seed density by 3–30 times. Similar 
increase was noticed in abandoned plantations. Clearing of overgrown tea plants in 
abandoned areas also led to significantly higher colonisation by native species.  Though 
such passive(retaining shade trees) or mixed restoration (retaining shade trees and 
clearing patches of tea) can be done on abandoned or to-be abandoned areas, the viability 
of such efforts depends on the land tenure of the ‘to-be’ restored area.  
 
Plantations are abandoned both inside protected areas (PAs) and outside PAs. The 
perceptions of plantation managers on abandoned plantations indicates that legal issues 
such as plantations being within PAs are making their plantations unviable while the 
workers who persist in such plantations, are willing to move out if suitable 
compensations are paid. Most plantations outside the PAs are not properly managed 
where socio-economic conditions such as market fluctuations, labour unions, and tenure 
rights are strong drivers for plantation abandonments. In such cases a more nuanced 
approach is needed, in areas that are declared as ecologically sensitive, participative 
ecological restoration can be considered using tea workers and government incentives to 
regain biodiversity and also sustain livelihoods. 
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Chapter 1. Plantation abandonment: Implications for 
ecological restoration 
 
Introduction 
 
Millions of hectares of tropical forests have been degraded due to logging and other 
anthropogenic activities across the world (Lugo 1995; Primack 1990). Agriculture 
expansion has also been a major reason for forest clearing (Angelsen 1995; Myers 1993).  
However, subsequent abandonment of such cleared areas for various ecological, social, 
political and economic reasons has become a major contributor to secondary forest 
formation in the tropics in the last 40 years across Asia, Africa, and South America 
(Asner et al. 2009, Rudel et al. 2009). Such agricultural abandonment trend was observed 
in many parts of eastern North America, and Europe, since 1870, but has been a relatively 
recent phenomenon in South America, and in many Asian countries such as China, Nepal 
and India (Neilson and Pritchard 2009; Ramankutty et al. 2002; Ramankutty and Foley 
1999; Alves and Skole 1996).   
 
The estimated land abandonment is a considerably high that merits attention of ecologist, 
restoration specialists, land managers and others. In Amazon alone about 30% of the area 
are now secondary forests due to abandoning of farmlands, cattle ranches, frequent fires 
and drought (Houghton et al. 2000; Nepstad et al. 1999; Hartshorn and Hammel 1994). 
However, there may be additional land abandonment which has not been estimated. For 
instance in Southeast Asia, the traditional farming system called shifting cultivation over 
many years, has added vast stretches of open grasslands which are not recorded under 
degradation of forest or abandonment of cultivated lands (Hobbs and Cramer 2007). 
Similarly in, Vietnam about 9.7 million ha of grasslands and scrub are formed due to 
abandonment of farmlands or a similar kind of land use in formerly forest areas (Gilmour 
et al. 2000).  
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Secondary forests are important in the context of enhancing biodiversity and in many 
cases have provided refuge to local species of flora and fauna (Sayer et al. 2004; Emrich 
et al. 2000). It also gains importance in the context of global carbon sequestrations and 
enhancing the local faunal diversity (Kettle 2012; Corbin and Holl 2012; Reino et al. 
2010; Rey-Benayas et al. 2010). In the Indian context, in the Western Ghats, the 
advantage of secondary forests, locally called as ‘sopinna betta’, has been highlighted in 
providing fodder for cattle and leaf-litter manure for farming (Sinu et al. 2012; Nayak et 
al. 2000), apart from fuel wood, timber and non-timber forest products (Singh 2004; Bhat 
et al. 2001). Secondary forest can also enhance the water sources for downstream 
agriculture production and the livelihood of farming communities (Mittleman 2001).   
 
The recent Global Forest Resources Assessment (FRA 2011), reported that there has been 
an increase in forest cover in many countries such as China and other Asian countries 
which is attributed to active afforestation programmes in those countries (Sayer et al. 
2004). A similar trend was reported by Forest Survey of India (FSI 2009), which 
indicates nearly 5% increase in forest cover over the preceding decade in India. However, 
Puyravaud et al. (2010) argues that this increase failed to discriminate natural forests 
from large expanses of exotic plantations, thereby obscuring the fate of the former. After 
subtracting the forests in India from the area covered by plantations, it showed forest 
cover decline by about 1.5–2.7% per year. Overall forest recovery estimates are even less 
certain, but a compilation of available reports suggests that at least 1.2% of the humid 
tropical forest biome was in some stage of long-term secondary regrowth in 2000. Nearly 
70% of the regrowth reports indicate forest regeneration in hilly, upland, and 
mountainous environments considered marginal for large-scale agriculture and ranching 
(Asner et al. 2009). 
 
Drivers of Agricultural Abandonment 
 
Agricultural abandonment is a complex phenomenon, which arises from ecological-
mismanagement, , change in legal rights on the land, social and economic issues, apart 
from spread of diseases (Chetana et al. 2012; Bowen et al. 2007; Khanal and Watanab 
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2006; Lambin et al. 2003; Aide et al. 2000; Ramankutty and Foley 1999; Chapman and 
Chapman 1999). These issues will be dealt in greater detail below. 
 
1) Ecological factors 
Ecological factors leading to the abandoning of land often include decline in soil fertility 
and productivity due to land degradation (Hobbs and Cramer 2007). The best examples 
are shifting/slash-and-burn or swidden agriculture in many parts of Asian countries 
(Rasul and Thapa 2003; Dobby 1950). The common characteristics of this type of 
agricultural system are clearing a patch of vegetation by the slash-and-burn method, 
growing assorted varieties of crops in the cleared land for one or two seasons and then 
moving to a new plot of land on a rotational basis (Spencer 1966; Conklin 1957). This 
was practiced earlier in longer cycle of ‘jhum’ of 10-20 years, but recent shorter jhum 
cycle of 4-5 years repeatedly imposed on the same site, has led to large tracts of land 
taken over by bamboo (Ramakrishnan 1992; Raghavan 1960). These traditional farming 
practices are disappearing in southeast Asia (Padoch et al. 2007) and such degraded and 
abandoned land after loss of soil fertility are regrown with native vegetation in many 
parts of southeast Asia, Nepal and northeast India. However they are also prone to be 
infested with weeds as in most parts of northeast India/Himalayas and in other places are 
overgrown with broom grasses (Thysanolaena maxima) and bamboos (Dendrocalamus 
hamiltonii) as characteristic natural vegetation in the low-nutrient area frequented by fire 
(Shankar et al. 2001; Toky and Ramakrishnan 1983a, 1983b).  
 
Abandonment of agricultural fields could also be due to overuse of fertilizer and 
inappropriate cultivation practices; which could lead to greater soil erosion, loss of 
organic matter leading to reduction in water-holding capacity, and depletion of ground 
water table (Gisbert et al. 2005; Lambin et al. 2003).  Land abandonment may also occur 
due to changes in the management regime or biophysical settings which may result, for 
instance, in the loss of key pasture species or invasion by aggressive weed species 
(Grigulis et al. 2005).  
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Mining and landfill sites have also led to land abandonment, which may also have 
contributed to formation of secondary forests (van Rooyen et al. 2012). It may also result 
from less proximate modifications, for instance, from regional pollution problems, altered 
surface or groundwater hydrology regimes, or changing regional climatic conditions 
(Gisbert et al. 2005; Lambin et al. 2003).  The Kudremukh iron ore mining area once 
largely covered by wet-evergreen forests and montane grasslands in south India has been 
abandoned because the river Bhadra was getting polluted by open cast mining 
(Krishnaswamy et al. 2006). The factory was subsequently shut down and mine areas 
abandoned (Murthy and Seshadri 2011). 
 
2) Pandemic and crop diseases  
Black Death was one of the most devastating pandemics in Europe and parts of the 
Mediterranean. During the period 1348–1352; about 30–60% of the population was killed 
and as a consequence, there was a large reduction in rural population (Yeloff and Van 
Geel 2007; Gottfried et al. 1983) leading to abandoned farmlands. Many plantations are 
also abandoned due to devastating plant diseases globally. In the recent past, Areca-nut 
(Areca catechu) plantations raised in the forests of central Western Ghats were severely 
infected by yellow leaf disease (YLD) (Purushothama et al. 2007). As a consequence, 
farmers abandoned the plantations and shifted to urban areas along with their families in 
search of alternative livelihood (pers. comu.). Irish-potato late blight disease also affected 
many developing countries; farmers were not able to control the disease leading to heavy 
losses and crop abandonment (Ortiz et al. 1999; Hardy et al. 1995). 
 
3) Economics issues 
Trends in globalisation and market liberalisation have profound effects on agricultural 
sectors worldwide. Technological advancement in agriculture led to loss of relevance and 
economic viability for traditional agricultural practices resulting in large numbers of 
farmlands being abandoned in Europe (van Meijl 2006). A similar trend was seen in 
northeast of Pokhara in Nepal, where about 46.6% of agricultural land was abandoned in 
2004 due to urban migration (Khanal and Watanab 2006). In China, many rural folk 
migrated to the cities due to availability of new economic opportunities and better 
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lifestyle, leading to abandonment of many agricultural areas that subsequently led to 
increase in the net forest cover (Wang et al. 2012; FRA 2011). Similar trend was also 
observed in Rusinga Island, Kenya, where people were more attracted towards fishing 
industry than traditional farming, leading to large agricultural areas being abandoned due 
to lack of labour and profit (Conelly 1994). 
 
In India the agricultural sector which is driven by both domestic and international 
economy, experienced a cascading impact on production of rubber, coffee, cardamom, 
and tea since 1990 (George and Joseph 2005). Many plantations were abandoned due to 
fluctuations in price and demand in the global market. For instance fluctuations in tea 
prices at the international market directly influenced the livelihoods of plantation workers 
and has strong linkages with social unrest within this sector (Neilson and Pritchard 2009; 
Banerjee et al. 2003). The abandonment of commercial plantations that sustain large 
human populations in biodiversity rich areas therefore poses a big challenge to meet the 
demands of people and biodiversity (Chetana et al. 2012). 
 
4) Social issues  
Rural depopulation is an on-going trend worldwide and as the world population 
increases, rural areas get urbanised (McKinney 2002; Miller and Hobbs 2002). The 
primary cause for migration is the availability of job opportunities, better education, 
health facilities, communication and road-networks, (Khanal and Watanab 2006). In 
south India, closing down of plantations are related to worker–owner conflicts and labour 
unions (Neilson and Pritchard 2009; Banerjee et al. 2003). Plantation abandonment in 
north east India is mainly related to welfare issues within the ‘tea tribes’, a community 
specialised in manual picking of tea, which imposed a human security angle in the tea 
gardens (Mishra et al. 2011; Gohain 2007). 
 
5) Political instability  
Tea plantation managers in Kerala, India are constantly under stress owing to demands 
from politically motivated unions (Neilson and Pritchard 2009; Banerjee et al. 2003). 
Such pressure led to loss in the agricultural sectors leading to abandonment (Banerjee et 
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al. 2003). In Assam civilian insecurity due to armed violence among the local 
communities, insurgency and militants led to abandonment of plantations (Gohain 2007; 
Talukdar 2007; Bhowmik 2005; Dasgupta 2004). This also had an ethnic angle to it as 
land-use conflicts in north east India led to many non-resident-owned plantations getting 
abandoned (Barbora 2002; George 1994).  
 
6) Legal and land tenure settings   
Legal and tenure rights are the driving factors in agricultural management worldwide. 
Farmlands that lie within the conservation prioritised area or buffer zones around wildlife 
habitats may be more vulnerable to abandonments due to the Protected Area (PA) Act or 
due to human–wildlife conflicts (Naughton-treves and Treves 2005). Similarly, in India, 
many conservation priority areas experienced agricultural land abandonment 
(Teegalapalli et al. 2010; Karanth 2007). By Indian law, when 99-year lease on the lands 
given for agricultural purposes in PAs and sanctuaries expires, it may lead to 
abandonment. In few farmlands that are within PAs, refusal of access also leads to 
abandonment. Further, an Act was passed to protect Ecologically Sensitive Areas (ESAs), 
including Ecologically Fragile Lands (EFL) act in many parts of Kerala state, making 
parts of many plantations defunct (Chetana et al. 2012; Neilson and Pritchard 2009).  
 
Benefits of Abandonment 
 
Abandoned farmland located within the forests or in close proximity provides 
opportunities for studying ecological restoration (Walker et al. 2007; Palmer et al. 1997) 
through the process of ecological succession (Rudel et al. 2009; Young et al. 2005; 
Bradshaw and Bekoff 2001). The field of restoration ecology has been strengthened over 
a century by contributions from succession ecology, assembly rules, landscape ecology, 
disturbance ecology, climate change, historical ecology and environmental ethics and 
philosophy (Higgs 1997). Further advancement in soil science and knowledge of soil 
seed germination has profoundly contributed towards the knowledge of plant community 
structure and restoration processes (Hobbs et al. 2007). Community ecological theory 
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played an important role in the development of restoration ecology that aimed at 
improving the biodiversity status locally (Palmer et al. 1997).  
 
In ecological restoration the two important strategies of restoration are active and passive 
to aid the recovery of large areas of deforested and degraded tropical lands. Active 
restoration is where management techniques such as planting seeds or seedlings are 
implemented, and passive restoration is when no such action is taken except to cease 
environmental stressors such as agriculture or grazing (Morrison and Lindell 2011).  Both 
the active and passive restoration has its own pros and cons. Active restoration may speed 
up the ecological process in highly degraded landscape, but it is expensive and skilled 
labour might be required. In passive restoration no investment is provided however there 
is a need for good natural seed sources, less human disturbance and negligible 
intraspecific competitions with invasive species.  In many such cases a combination of 
active and passive needs to be worked out and a model of mixed restoration practices can 
be formulated. This approach involves the planting of many small, dense blocks of native 
trees to enhance biodiversity and provide a range of ecosystem services (Rey-Benayas et 
al. 2008). Such practices need to be case specific for instance in tea with a dense canopy 
or overgrown with invasive species a mixture of clearing, uprooting and selective 
planting along with historical use of the area may be productive under the model of 
‘mixed ecological restoration’.  
 
Restoring ecosystems not only increases biodiversity but improves defunct watershed 
functions and stabilises soil (Sayer 2001; Zaizhi 2000; Ramakrishnan and Kushwaha 
2000; Lamb and Tomlinson 1994). This is especially important within protected areas, 
where the primary factor is ecosystem restoration and conservation, rather than 
commercial production (Chokkalingam et al. 2001). In forested ecosystems soil erosion 
is prevented, and soil moisture retained due to the growth of successional species (Brown 
and Lugo 1990). The study from Attapadi Hills Restoration Programme in parts of 
Nilgiris, south India have shown that by enhancing active restoration, soil fertility and 
moisture improved in the degraded habitats (Ravi 2013). Such restored secondary forests 
are also used as foraging grounds by many birds and mammals (Chapman and Chapman 
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1999). A case study from Arunachal Pradesh showed that Hornbills which nest in the 
primary forest visit the secondary forest for foraging due to the availability of fruiting 
plants in high density and also due to the high frequency of fruiting (Datta 1998). Faunal 
diversity was also higher in secondary forest than in the primary forest due to greater 
resource availability (McShea et al. 2009).  
 
From the economic point of view, such land restoration programmes may benefit the 
communities, who are depending on them for their livelihoods (Rey-Benayas et al. 2008). 
The studies from Anamalai rainforest restoration programme showed by actively 
involving local communities alternative livelihoods can be generated through restoration 
activities and monitoring (Mudappa  and Raman 2010; Raman et al. 2009). Similar active 
restoration effort by selectively clearing abandoned Caribbean pine plantation in Sri-
Lanaka to restore rainforest species, involved local communities for restoration activities 
(Ashton et al. 1997). Similar efforts were made in grass dominated areas at Knuckles 
Forest Reserve in Sri-Lankan (Gunaratne et al. 2011). In deforested bauxite mining site 
in Brazilian Amazon, active restoration of native species provided local communities 
livelihood opportunities (Parrotta and Knowles 2001). Such restored secondary forests 
can provide leaf litter, fuel wood, non-timber forest products (NTFP) such as honey, 
medicinal plants, and lichens, which can decrease the dependency of people on natural 
forests for their livelihoods (Biswal 2009; Setty et al. 2001).  All this follows from the 
recent paradigm shift in restoration science that indicates that it’s not just the science and 
technology required for the practitioners, but the need to incorporate many disciplinary 
sciences along with consideration of historical, social, cultural and environmental ethics, 
and philosophy (Rey-Benayas et al. 2008; Higgs 1997). 
 
Agricultural abandonment is a global phenomenon, which may be short-term or 
permanent depending upon the factors driving the abandonment. The benefits accruing 
from abandonment may therefore depend on these factors. The review by Rudel et al. 
(2009) highlighted that increasing urbanisation and rural depopulation can increase forest 
cover in the uplands in the tropics (Rudel et al. 2009; Wright and Muller-Landau 2006). 
There is potential to enhance forest cover in such abandoned agricultural lands, by 
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encouraging people with the concept of payment of ecosystem services such as carbon 
credits or through international agreements to control greenhouse emissions such as 
REDD (reducing emissions from deforestation and degradation) or REDD+, which 
provides a potentially powerful mechanism for supporting ecological restoration of 
tropical forests in developing countries. The Green India Mission of the Government of 
India is another option for restoration which is promoted to combat climate change on 
natural ecosystems of the country and targets a holistic approach to greening which will 
strive to restore forests in abandoned areas, enhance degraded forests and also support 
livelihoods for communities dependent on biomass and non-timber forest produce (GIM 
2011; Mathew 2011). In all these cases prior understanding of the ecological and 
socioeconomic context of a particular region is however essential to make it sustainable 
(Kettle 2012).   
Tea plantations and Biodiversity 
 
Tea plantations in India are located in the global hotspots of biodiversity in Western 
Ghats and northeast India (Myers et al. 2000; Myers 1990,1988). They also harbour 
many species which are rare, threatened and endangered such as the Lion-tailed macaque, 
Nilgiri langur, Brown palm civet, etc., apart from large carnivores such as tiger and 
herbivores such as elephant and Indian gaur that use the tea landscapes to move from one 
forest to another (Kumar et al. 2011). 
 
Brief history of tea and the tea crisis 
Globally, tea (Camellia sinensis) is produced across Asia, Africa, and South America, 
though it was originally found in the hills of southern China (Hicks 2001). The major 
producers of tea in the world are China, India, Kenya, and Sri-Lanka (FAO 2008; Parker 
2003). Total area under tea cultivation is about 0.579 million ha, which globally 
contributes to 21% of global tea production (FAO 2008). These countries are mostly 
developing economies with rich labour resources (van der Wal 2008).  India is the second 
largest tea producer after China, followed by Kenya and Sri Lanka (FAO 2008). The 
major demand for tea comes from the Russian Federation, UK, USA, Pakistan, Japan, 
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Saudi Arabia and Germany (Parker 2003). In 1852, India successfully established tea 
plantations in the hills of Darjeeling in North East India following much later in 1854 
James Finlay and Company experimented with tea cultivation in Western Ghats at 
Munnar, Kerala and Coonoor in  Nilgiris, Tamil Nadu (Joseph 2002; Swaminathan et al. 
1990). Subsequently, many more plantations have been established in other parts of the 
hills by clearing high biodiversity areas. South India alone has about 0.12 million ha of 
land under tea cultivation (Indian Tea Board 2012). 
 
In the 1990s, following the collapse of the Soviet Union (USSR), India lost its major tea 
market (George and Joseph 2005).  As a consequence of this slump, large quantity of 
surplus tea was flowing into the domestic market, which in turn affected many small 
growers (Banerjee et al. 2003). They were not able to compete with large growers as the 
price was very low. Many small-scale plantations started growing other economic crops 
while the rest were abandoned (Neilson and Pritchard 2009; CEC 2002). The tea industry 
is a labour-intensive sector, which directly employs over one million workers and 
provides income generation options for another 10 million people (Deepika 2008; Bora 
and Deka 1999). The slump in the market led to unemployment and its associated 
livelihood issues within Indian tea plantations. Tea growers in other tea growing 
countries such as China, Sri-Lanka and Kenya were buffered by low cost of production 
due to incentives provided by their respective governments (Ridwan et al. 1997), which 
was not the case in India.  
 
Plantations which are facing economic crises could be revived by encouraging them to 
procure fair trade (Renard 2003), and eco-friendly certifications, which are well-known 
practices for many agricultural commodities, including tea and coffee that are located in 
biodiversity rich regions (Mistiaen 2010). Additionally, they can be helped by fixing 
reasonable state–central agricultural taxes and export duties (George and Joseph 2005). 
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Tea plantations and native species restoration  
 
Large-scale agriculture farming sectors such as coffee or tea are suffering due to the 
shortage of labourers and many plantations becoming defunct and abandoned. However, 
there is no reliable record on tea plantation abandonment; because many small plantations 
are not registered with the tea board and many were converted into rubber, spice, and 
coconut plantations in southern Kerala (Pers. Obs.). In Trivandrum district of Kerala 
about 55% of tea plantations were abandoned between 2001 and 2007 (Chetana et al. 
2012).  These accounted to about 10,499 ha (about 39 plantations) (Neilson and 
Pritchard, 2009). In the Western Ghats, many of the plantations lie abandoned due to 
being situated inside protected areas (Chetana et. al. 2012) or are under the 99-year lease, 
mostly given away by the British administration in India that are likely to expire soon. 
Such plantations often occupy large area within the Protected areas (Chetana and Ganesh 
2012; Ali and Pai 2001).  
 
Many abandoned lands potentially regrow into secondary forests aided by forest seed 
sources (Holl et al. 2000). Such lands have shown that colonisation by native species is 
strongly driven by seed sources and microsite suitability (Verdu and Garcia-Fayos 1996). 
In the Neo-tropics, post-agricultural land abandonment has been studied extensively and 
many have highlighted that understanding site-specific ecological process is essential for 
conservation and management (Costa et al. 2012; Jamoneau et al. 2012; Cramer and 
Hobbs 2007; Holl et al. 2000; Aide and Cavelier 1994; Neptstad et al. 1991). 
 
The overall consequence of tea plantation abandonment can be complex, but no study has 
been carried out. There is a lack of empirical information on the ecological process that 
occurs when tea plantations are abandoned. Most ecological studies on colonisation of 
abandoned areas are restricted to tree plantations and only a few to shrub monocultures 
such as coffee (Komar 2006; Williams-Guillén et al. 2006; Arellano et al. 2005; Pineda 
et al. 2005; Armbrecht et al. 2004; Ricketts et al. 2001). Unlike coffee and cardamom, 
tea (Camellia sinensis) is a tree species maintained as shrub with a dense continuous 
short canopy. Though no ecological studies exist in overgrown tea plantations in India, 
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the study from Sri Lankan where grass dominated abandoned tea plantations showed that 
dispersal limitation is the primary constraint to forest succession while  management of 
fire regimes, vertebrate herbivory and competition from the dominant grasses influenced 
the abundance and composition of emergent tree seedlings (Gunaratne et al. 2010).  
 
The importance of dispersal and the kind of seeds that get dispersed in tea plantations is 
relatively unknown. Such studies are urgently needed to help understand what species 
can colonise abandoned plantations and what factors (e.g., forest proximity, frugivore 
activity and others) can influence seed input from the management perspective. Moreover 
tea plantations unlike tree plantations are trees maintained as shrubs with a dense canopy 
that is difficult to penetrate and inhospitable to many light demanding seedlings (Swaine 
and Whitmore 1988). This can affect regeneration of native species and offers 
opportunities for understanding succession processes in such intermediate habitats 
(Chetana and Ganesh 2012; Gunaratne et al. 2010). The study from Anamalai hills 
recorded that seedling survival was higher in sites with complete weed removal as against 
partial removal along planting lines and higher in open meadow and under shade than in 
sites that earlier had dense weed invasion (Raman et al. 2009). Sudden abandonment of 
land after years of agricultural activity can often facilitate proliferation of invasive 
species in the absence of any interventions and it could suppress native species 
regeneration (Ticktin et al. 2012; Sundaram and Hiremath 2012; Raman et al. 2009). 
Such information is critical in the management of abandoned plantations for forest 
managers and restoration practitioner’s.  
 
History of study area and broad outline of the thesis  
 
The ecological process of colonisation of abandoned tea plantations which is currently 
unknown, and the social perceptions on abandonment and its consequence on biodiversity 
restoration are the major focus of my thesis. I did this study in the forests and tea 
plantations of the Agasthyamalai Biosphere Reserve (8o 8'–9o 10' N and 76o 52' -77o 34' 
E), southern Western Ghats.  Agasthyamalai supports large contiguous forests along the 
eastern and western slopes and harbours five protected areas; Kalakad Mundanthurai 
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Tiger Reserve (KMTR (895 km2) and Kanyakumari Wildlife Sanctuary (502.86 km2) in 
Tamil Nadu, Neyyar (128 km2), Peppara (53 km2) and Shendurni (171 km2) wildlife 
sanctuaries in Kerala (Velmani 2002; Ramesh et al. 1997; Figure 1.1). In addition there 
are several pockets of reserve forests on the eastern and western slopes of Agasthyamalai.  
 
The entire Agasthyamalai landscape is an undulating hilly terrain with high peaks, and 
numerous deep valleys.  The altitude of Agasthyamalai ranges from 100 m in the foot 
hills and rises up to 1869 m Agasthyar peak. Large part of eastern slopes of 
Agasthyamalai is in the rain shadow area and covered by dry deciduous and scrub forests 
in the lower slopes. At higher altitudes which receive rainfall from both the monsoon, the 
forests are more moist, evergreen and wet-evergreen with grasslands and shola forests. 
The lower eastern slope also supports pockets of dry evergreen forests, a unique forest 
type in low rainfall area. The western slope of Agasthyamalai is covered with moist 
deciduous forests in the lower altitude and evergreen forests with grasslands and shola 
forests in the higher altitudes.  
 
Agasthyamalai being located in the southern Western Ghats receives both south-west and 
north-east monsoon rains. However, the western slopes receive the south west monsoon 
rains and the eastern slope receives the north east monsoon. Some regions in the crest of 
Agasthyamalai range receive both the monsoons. The total annual rainfall exceeds 5000 
mm in the higher slopes and the number of rainy months extends to about 10 months in 
the entire Agasthyamalai range (Varghese and Balasubramanyan 1999). With more than 
2000 km2 in area, the whole mountain range acts as a large catchment for many perennial 
rivers such as Thamiraparani, Manimuthar, Pachayar, Kodayar, Kodumudiyar, Nambiar, 
Neyyar, Kulathupuzha and Shendurni, which originate in this range. Several small and 
large dams have been built across these rivers to generate power and irrigate fields (Ali 
and Pai 2001; Henry et al. 1984).      
 
The largely inaccessible reaches of Agasthyamalai still support undisturbed wet evergreen 
and Shola forests. It is one of the species-rich areas within the Western Ghats with over 
150 localised endemics in addition to many Western Ghats endemics (Ramesh et al. 1997; 
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Collins et al. 1991; Henry et al. 1984 ) and is also an important speciation centre (Nayar 
1996). This part of the Western Ghats shares many plant species in common with Sri 
Lankan forests (Nayar 1996; Henry et al. 1984; Subramanyam and Nayar 1974). It is 
home to many rare animal species including the highly endangered lion-tailed macaque 
(Macaca silenus), Nilgiri langur (Semnopithecus johnii) and the tiger (Panthera tigris).   
 
Forests of Agasthyamalai have been extensively exploited over the last two centuries for 
raising plantations and timber and soft wood extraction (Velmani 2002; Gopalakrishnan 
1995; Kadakshamani 1976; Iyer 1905). In the past, small and large plantations were 
established in the entire Agasthyamalai forests. Initially, the plantation crops were coffee, 
cardamom, clove, orange, etc. Cinchona was also tried as a plantation crop in some 
pockets. On the western slopes, large swathes of forests, mostly of moist deciduous type, 
were cleared to raise rubber, and pockets of evergreen forests were selectively logged to 
raise cardamom and clove. Later, evergreen forests were cleared and planted with tea. As 
part of forestry practices, teak and eucalyptus along with various softwood tree species 
were planted to yield timber, fuel wood, softwood, and pulp sources from the 
Agasthyamalai. Reed bamboos (Ochlandra sp.,) were also extensively harvested to 
manufacture paper in the entire Agasthyamalai range (Ganesan 2001). Though the slopes 
at the lower elevation were exploited for timber and various other forest resources in the 
past, the higher reaches that support the wet evergreen forests, large areas were converted 
to tea and eucalyptus plantations in the early 1900s. Many of the smaller plantations were 
abandoned over the later part of the last century due to expiry of the lease period. These 
plantations had crops such as cardamom, clove and orange. Except few tea plantations 
such as Bombay Burma Trading Company, most of the plantations have been abandoned 
during the same period in the entire Agasthyamalai range due to various reasons 
including labour issues, the Wildlife protection act, vagaries in tea prices globally and 
others.  
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Figure 1.1. Map of the Agasthyamalai region. Dark shaded areas represent tea plantations 
within and outside the protected areas.  Not all sampled plantations are indicated in the map. 
 
The social, economic and legal issues pertaining to worker welfare in tea plantations has 
been dealt in several studies earlier (Neilson and Pritchard 2009; Banerjee et al. 2003) 
but emphases on the drivers for abandonment of tea plantations has not received adequate 
attention. My research therefore focuses more on the ecological aspect of native species 
restoration and the social perceptions on abandonment. 
 
The main objective of my study is to understand the ecological process of native species’ 
colonisation in abandoned tea plantations. Specifically, the focus is on identifying the 
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critical factors associated with the establishment of native plant species in abandoned 
areas surrounded by forests. In addition to these ecological issues, I also aim to expand 
my understanding of the socioeconomic and tenure issues associated with plantation 
abandonment and the perception of stakeholders on abandonment. Following are the 
broad objectives dealt as separate chapters in the thesis.  
 
1. What are the major ecological factors that deter or facilitate natural colonisation 
of native forest species within abandoned tea plantations? 
 
2. What are the ecological interventions that can be made to catalyse natural 
colonisation by native species within abandoned tea plantations? 
 
3. What are the legal, social, and economic drivers that can help or negate natural 
forest restoration in tea plantations? 
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Chapter 2. Seed bank composition and frugivore 
assemblage in abandoned tea plantations 
 
Introduction 
 
Tropical plantations cover large areas and are often located in biodiversity-rich regions of 
the globe. These plantations are getting abandoned for various reasons (Chapter 1). Once 
abandoned, they are prone to land degradation leading to soil erosion, invasive species 
colonisation and other factors (Barbosa et al. 2009; Myers et al. 2000; Chapman and 
Chapman 1999).  Recovery of vegetation in such lands is usually done by afforestation 
using mostly fast-growing non-native species (Feyera et al. 2002; Otsamo 2000; Parrotta 
1995) and such efforts are expected to ameliorate succession of native species (Raman et 
al. 2009; Harvey 2000; Guariguata et al. 1995). However, colonisation can be complex 
depending on the type of plantation, the location and overall richness of the region along 
with the facilitative role of plantation trees in attracting forest seeds through frugivore 
activity (Chetana and Ganesh 2012; Hartley 2002; Zimmerman et al. 2000; Hunter 1990; 
Norton 1998; Lugo 1997; Parrotta et al. 1997). 
 
Most studies on colonisation are restricted to tree plantations and only a few to shrub 
monocultures such as coffee (Komar 2006; Williams-Guillén et al. 2006; Arellano et al. 
2005; Pineda et al. 2005; Armbrecht et al. 2004; Ricketts et al. 2001). Unlike coffee and 
cardamom, tea (Camellia sinensis) is a tree species maintained as shrub with a dense 
continuous short canopy that precludes any large-frugivore activity. The importance of 
dispersal and the kind of seeds that get dispersed in tea plantations due to various factors 
mentioned above are unknown. Such information can help to understand what species 
can colonise abandoned plantations and what factors (e.g., forest proximity, frugivore 
activity and others) can influence seed input from the management perspective. 
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In this chapter, I have estimate the seed bank in both litter and soil, and identify factors 
that may constrain or facilitate seed dispersal within two abandoned tea plantations. The 
broad questions are as follows. 
 
1. How does species richness, density and composition of seeds in the seed bank of 
abandoned tea plantations compare with those in the surrounding forests?   
2. How does the proximity of forest influence species richness, diversity, 
composition, and functional traits of the species in the seed bank of abandoned 
plantations? 
3. How does the frugivore richness, abundance and composition in plantations 
compare with that in forests? 
 
Methods 
 
Study Area 
 
The study was conducted in Chinnamanjolai and Netterikal (henceforth CHM and NTK 
respectively) (Figure 2.1), two, 17-year-old abandoned tea plantations at Vanamamalai 
inside the Kalakad–Mundanthurai Tiger Reserve (KMTR). The land with a total area of 
about 193.5 ha is owned by Vanamamalai Jeer Mutt temple trust (Ali and Pai 2001). The 
mutt is in possession of the land title deed (patta) and has the authority to lease-out the 
property on a 5-year contract to generate revenue for the temple. The Mutt leased the land 
to Natesan Company for raising plantations of cardamom, coffee, tea and piper. Tea was 
grown in about 20 ha (per.comu. Shanker Iyer). After the notification of the KMTR as a 
Protected Area, there have been issues regarding access to the plantations and litigation 
exists between the forest department and the lease holder, Natesan Transport Company.  
 
Chinnamanjolai tea plantation 
The Chinnamanjolai plantation (08○ 28′ 20.30′′ and 77○ 29′ 15.70′′), is spread over 4.6 ha 
at an elevation of 950–1100 m asl. It receives an annual rainfall between 700 to 3500 mm 
as per information provided by the lease holder Natesan Transport Company. More 
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intensive precipitation occurs from the northeast monsoon (October–December) than the 
south-west monsoon (June–August). The maximum temperature ranges from 22oC to 
33oC and minimum temperatures from 12oC to 26oC. Soil in the region is red, loamy and 
mixed with un-weathered rocks and due to steep slopes, top soil gets eroded from 
exposed areas by heavy rains. The plantation was overgrown with invasive species, 
Lantana camara (henceforth lantana) and is surrounded by deciduous and evergreen 
forests (see Appendix 3.1). 
 
Netterikal tea plantation 
Netterikal plantation (08○ 29′ 06.64′′ and 77○ 28′ 43.76′′), is spread over 5.3 ha and lies 
on a plateau between 1300 to 1350 m asl. It receives rain from both south-west (June–
August) and northeast (October–December) monsoons. The mean monthly maximum 
temperature ranges from 15ºC to 28ºC and minimum temperature from 11ºC to 19ºC. 
Annual rainfall ranges from 900 mm to 5000 mm as per information provided by the 
lease holder, Natesan Transport Company. Red loamy soil is present and topsoil is rich in 
organic matter due to the leaf litter present in the abandoned areas. There is luxuriant 
growth of tea within the plantation with few lantana, Psidium guajava and Citrus 
sinensis.  The plantation is surrounded by wet-evergreen forest (see Appendix 3.1).  
 
Sampling was done thrice a year based on the seasons. The 1st season was winter (W), 
January–February following the northeast monsoon; 2nd was first summer (S1) April-May 
before the south-west monsoon and 3rd was second summer (S2), September–October 
after the south-west monsoon. Data was collected in 2008 and 2009.  
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Figure 2.1. Map showing the abandoned tea plantations (shaded areas) Chinnamanjolai and 
Netterikal where ecological studies were done within the KMTR.  
 
Research design 
 
Species richness and seed density in the plantations were assessed using seed banks. Five 
permanently marked, 10 × 10-m plots were laid along a linear transect from forests to tea 
plantations (Figure 2.2 a,b, c). Two of these plots were located in the forest at 100 m 
(Forest Interior: FI) and 50 m (FE: Forest–tea-Edge) from the forest edge. The other 
three: T25, T60 and T95 were located in the tea plantations at 25 m, 60 m and 95 m, 
respectively from the centre of the plot to the forest edge (Figure 2.2b). A total of five 
transects were laid in each plantation separated by a minimum distance of 500 m 
(Chetana and Ganesh 2012). 
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Figure 2.2. Schematic diagram of sampling design showing plantations (dotted) and 
surrounding forests (hatched) (a); plots (10 × 10-m) along linear transect at fixed distance 
intervals (b); and 1 × 1-m subplot at each corner of the plot (c). 
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Seed Bank 
The seed bank was assessed by two methods: (a). Litter seed bank (LSB) and (b). Soil 
seed bank (SSB). 
 
(a). Litter seed bank (LSB)  
The advantage of this method is its ability to account for all the visible seeds in the 
surface litter. Data collection was instant, with one-time observation. The limitation of 
this method is that small and microscopic seeds may be underestimated.  
 
Surface litter and soil were collected within 1 × 1-m subplots laid at the four corners of a 
10 × 10-m plot (Figure 2.2 b, c). Large litter including leaves and twigs were removed 
manually and soil was passed through sieves of different pore sizes (0.5 cm2 and 1.0 
cm2). Seeds were collected and identified by comparing with reference collection and 
regional flora (Gamble and Fischer 1915–1935). Unidentified seeds were preserved for 
identification later.  
 
(b). Soil seed bank (SSB)  
The advantage of this method is that many microscopic seeds can be recorded by using 
nursery germination technique. The limitation is that many non-viable seeds may not be 
recorded by this technique. Further, it is time-consuming to keep monitoring from 
nursery germination. However, by using both these methods a complete profile of the 
seed bank can be obtained. 
 
Subsurface soil was collected using the soil-corer method. The corer was a cylindrical 
zinc alloy; the sampling cylinder had a diameter of 4.7 cm and length of 10 cm. The soil 
core was collected by pressing over the soil and rotating the cylinder with the attached 
rod. At some places, because of the hardness of the soil, more pressure had to be applied. 
The soil, including all non-woody litter, was sampled, yielding about 173.56 cm3 (volume 
of soil) of soil per sample. In each 10 ×10-m plot, four corners were sampled and soil was 
pooled at the plot level (V = 694.24 cm3). The core samples were stored separately in a 
clean plastic bag, labelled with a unique code and transported to a temporary shade house 
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and later shifted to a nursery. The collected samples were placed on benches in a shade 
house receiving 30–40% of full sunlight. Soil samples were placed in plastic cups (with a 
diameter of 13 cm and depth of about 5 cm and bottom diameter of 6 cm). The bottom of 
the flats was lined with a single layer of newspaper to prevent seed loss though the 
drainage holes, while still allowing for adequate drainage. Eight cups of sterilised sand 
used as control were prepared in a pressure cooker and each cup had 1 cm of sand to 
check for seed contamination of forest soil samples in the nursery. 
 
Moist soils when stored for long can be subjected to fungal infestation leading to 
decrease in seedling emergence. The collected corer soils could only be transferred from 
the site to the nursery in a day or two after collection because of the remote location of 
the field site. To avoid any bias in seedling emergence due to this delay, I conducted a 
preliminary experiment to test the difference in germination of seeds in corer samples 
stored for one day and those stored for five days in the same habitat. There was no 
significant change in species compositions between the days (t-test; t(2-tail) = –1.186, n = 
10, p = 0.25). The seedling emergence in the nursery was monitored initially every 
fortnight and later standardised to 4 weeks.  
 
Majority of the seedlings emerged within 8 to 12 weeks and very few species emerged 
after 24 weeks. Seedlings were however monitored for 48 weeks ( 1 year) since many 
species could be identified only after the seedlings develop normal leaves that resembles 
their parent as few species had polymorphic leaves (e.g., Toddalia asiatica, Acronychia 
pedunculata) which were relatively different from the adult plant leaves. We did not 
examine the soil for remaining seeds at the end of the experiments due to difficulty in 
identifying the microscopic seeds and no reference collections of such species being 
available for identification. All attempts were made to identify seedlings to species level, 
and in few cases germinated seedlings were assigned to family and genus levels, based on 
character of leaf and branching patterns using Gamble and Fischer (1915–1936). 
Seedlings that were identified were uprooted from the cups. A collection of dried 
specimens of seedlings is preserved at the ATREE herbarium. Despite the best efforts, 
considerable number of seeds remained unidentified. These seeds were categorised in to 
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distinct morphological groups and referred by numbers in data analysis. Obvious sprouts 
from rhizomes and other non-seed germinates (e.g., ferns) were not included in our 
analysis. Seedlings were protected from insect herbivory using organic pesticides to 
avoid killing earth worms in the soil. 
 
Only a few species of plants germinated in the control cups. Seeds of these species were 
also observed growing on the floors and in the crevices of the shade house. Since these 
species were also found in low densities in the sample cups, they were considered to be 
shade house contaminants. The contaminants were not counted in any calculations. 
 
Functional traits of seeds found in the seed bank, were catagorised as below –  
 
1. Dispersal modes 
Seeds of each species collected from the litter and soil were classified into different 
dispersal modes based on our field observations, morphological features and published 
works on seed dispersal modes available from the same forest (Ganesh and Davidar 
2001). Seeds were classified into six dispersal modes; bird (B), bat (Bt), mammal 
(excluding bats) (M), bird–mammal (dispersed by both birds and mammals) (BM), bat–
other mammals (dispersed by bats and other mammals such as civets) (BtM), and passive 
(dehiscent, wind-dispersed, water and others) (Pa) (Chetana and Ganesh 2012). 
 
2. Life-forms 
Life-forms were classified into herbs, shrubs, climbers and trees (Gamble and Fischer 
1915–1935). Further, under each life-form category, seed count was summed up and the 
mean was calculated.   
 
3. Seed size 
The seeds were grouped based on their diameter and classified as microscopic (Micro) =  
≤ 0.1 cm; small (S) = 0.1–0.5 cm; medium (M) = >0.5–1.5 cm and large (L) = >1.5 cm . 
 
34 
 
Frugivores and Seed dispersers 
Frugivores were classified into two categories: volant and non-volant. The volant taxa 
included birds and bats, whereas non-volant taxa comprised small frugivorous mammals.  
 
Volant Taxa – Birds 
Frugivore birds were enumerated by using the point count method in each season for two 
consecutive years within each plantation. Data was collected seasonally from 2008 to 
2009 (February, May, and September–October). The sampling was done at each site for 3 
to 4 consecutive days, depending on the weather conditions. The observations were done 
from 06.00 am to 09.00 am (Sutherland 1996; Hutto et al. 1986). At each point, 15 
minutes (min) were allotted, of which the first 5 min was spent in allowing the birds to 
get used to the observer’s presence. No data was collected during this period. Data 
collection happened only in the next 10 min. At each point, bird presence was recorded 
and the number of birds counted within 20 m from the point. Beyond 20 m, only presence 
of the species was considered. A minimum distance of 500 m was kept between sample 
points and the distance was walked in 10 min. The point count data was collected in both 
plantations and forests. The forest point count was carried about at 100 m from the 
forest–tea edge while plantations points were spread all over the area. At each point 
count, weather conditions were also recorded. Sampling was avoided during thick mist, 
high wind, or rain. No attempt to stratify sampling at different distances from the forest 
edge was made because of the small size of the plantations. 
 
Bats (indirect method) 
I did not attempt to capture bats and identify the species. Seeds dropped by bats in 
clusters (at feeding roosts which are temporary) under the trees in the plantations and 
adjacent forest were used to infer presence of bat frugivory at the site. 
 
Non-volant taxa (indirect method): Camera trap method 
Infrared film camera traps built by Centre for Electronics Design and Technology 
(CEDT), Indian Institute of Science, Bangalore were used to record non-volant 
mammalian frugivores frequenting the plantations (Prasad et al. 2010; Chetana and 
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Ganesh 2007). Two cameras were installed near trails in the tea plantations and in the 
surrounding forests simultaneously. The cameras were fixed at 0.5 m above the ground 
and 1.5 to 2 m from the trail. The cameras were set on 24-hour mode with 30-second 
intervals between pictures to minimise the chances of missing any individuals. The 
camera trap sampling was done during the seasonal sampling time. Each camera was 
checked every day for battery power and the number of pictures taken. The distance 
between the cameras was maintained at a minimum of 1 km and kept on different trails. 
The cameras were kept for a minimum of 3 consecutive days at each site. 
 
Data analysis 
 
Species richness refers to total species recorded in 1 × 1-m  sub-plot and similarly seed 
density refers to total seeds recorded in each subplot (Magurran 2004). Cumulative 
species richness, mean species richness per subplot and mean seed density per subplot 
was used to compare between plantations and forests unless mentioned otherwise during 
the analysis. Similarities in the community composition across plantations (i.e., CHM and 
NTK) were examined using the grouped average link Bray–Curtis similarity index (van 
Tongeren 1987). A similarity of 0% means that nothing is common between the two sites 
and 100% means that the sites share all the species. 
 
The community composition was analysed with a one-factor permutational multivariate 
analysis of variance (PERMANOVA) between the plantations. One of the sites was an 
independent factor and was used to test the differences among species. This test is ideal 
in situations where the datasets represented multiple response (i.e., species) and multiple 
objects (i.e., transect observations) (Anderson 2001a, b). Moreover, PERMANOVA can 
handle large multiple species datasets containing more species than replicates with the 
matrix having numerous zeros (McArdle and Anderson 2001). For this analysis, the 
species composition matrix was standardised by row totals, and Bray–Curtis distance 
measure was used as the basis with 9999 permutations. Pairwise comparisons based on 
Monte-Carlo (MC) randomization with 4999 permutations were performed to test for 
differences among the plantation types.  
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I estimated the mean species richness (± SD, standard deviation) through individual-
based Coleman’s rarefaction method by Gotelli and Colwell (2001). Further, cumulative 
species richness was tested by using the ‘rich’ package by Rossi (2011). To estimate 
species richness of seeds among distance classes within each plantation, at each distance 
(i.e., FI, FE, T25, T60, T95) Shannon diversity index (H′) and Evenness (E) were 
calculated.  
 
Dispersal modes 
Species richness and seed densities in each dispersal mode were compared across four 
distance classes in each plantation, using non-parametric Kruskal–Wallis ANOVA. Since 
bat (Bt) and mammal (M) modes were not represented in all the distance intervals, they 
were excluded from the analysis. Species richness and seed density under various 
dispersal modes are from litter seed bank except for Passive (Pa) mode which was 
obtained from soil seed bank. This is because passively dispersed species were better 
estimated by SSB method. The unidentified species were exculded from the analaysis.  
Percentage of dispersal modes in each site was calculated based on the total species 
available in the plantation-forest matrix. Similar, analysis was performed for life-forms 
and seed size. 
 
A G-test was performed to test for differences in distribution of species richness and seed 
density in forests and plantations across dispersal modes, life-forms and seed sizes. These 
followed the statistical rule by Kindt and Coe (2005). Further distances from forest F 
(i.e., mean of FI  and FE) to plantations were tested using nonparametric Kruskal–Wallis 
ANOVA.   
 
Frugivores  
The differences in species richness and abundance across sites were tested using the 
unequal variance t-test. The species were further classified as – canopy (C), midstorey 
(M) and understorey (U). The non-flying frugivore mammal’s presence was based on 
camera trap capture. The relative abundance of each bird was expressed in per minute 
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and relative abundance of each mammal was expressed as captures/hr (Chetana and 
Ganesh 2007).  
 
All analyses were performed using free statistical software R 2.12.1 (R Development 
Core Team 2011) using packages of ‘vegan’, ‘BiodiversityR’, ‘Rich’, except community 
composition analysis which was done using PERMANOVA (Anderson 2001a, b). 
 
Results 
 
Seed bank in tea plantations and forests 
 
Species richness and seed density 
Total number of species recorded in the seed banks (both LSB and SSB) of forest–tea 
matrix was 187 (Appendix 2.1). Forests accounted for 82% (153/187) and plantations 
68% (127/187) of the total species. About 19% (35/187) of the species were unique to 
plantations and 33% (61/187) unique to forests. At the plantation level, in CHM, 121 
species were recorded in the tea–forest matrix, of which 78% (94/121) were recorded in 
forests and 66% (80/121) in plantations. At NTK, 144 species were recorded in the tea–
forest matrix, of which 81% (116/144) were recorded in forests and 60% (87/144) in 
plantations. Between 8-17% of species could not be identified to species level within the 
forest-tea matrix at both sites (Table 2.1). 
 
The total species recorded in the litter seed bank (LSB) was 131 which accounts for 70% 
(131/187) of the total species recorded in the tea-forest matrix. Forests accounted for 82% 
(108/131) and plantations 63% (82/131) of the species while about 18% (23/131) was 
unique to plantations and 37% (49/131) unique to forests (Table 2.1). At the plantation 
level, in CHM, 81 species were recorded of these, 78% (63/81) were recorded in forests 
and 65% (53/81) in plantations. At NTK, 98 species were recorded of these; 86% (83/98) 
were found in forests and 51% (49/98) in the plantations. Between 8-20% of species 
could not be identified to species level within the forest-tea matrix in both sites.   
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Of the 9299 seeds recorded in the litter-seed bank in the forest–tea matrix, forests 
accounted for 50% (4649/9299) and plantations 50% (4650/9299). At the plantation 
level, in CHM, 49% (1785/3643) was found in forests and 51% (1858/3643) in 
plantations. Similarly at NTK, 51% (2864/5656) was found in forests and 49% 
(2792/5656) in plantations (Table 2.1). 
 
Since LSB and SSB indicate similar patterns and in general SSB captures much lower 
number of large, medium and small -sized seeds than micro-sized seeds, LSB was used 
for all analysis. Though SSB captures more number of species with fever seed samples, it 
does not adequately capture large and medium sized seed species.  
 
Table 2.1. Species richness, density, diversity, and evenness of seeds recorded in LSB and SSB 
in the abandoned plantations of CHM and NTK at different distances from the forests. 
 
Species richness
(total seeds)
Mean ± se 
(m -2)
Shannon
 (H' )
Evenness
 (E )
Species richness
(total seeds)
Mean ± se
(cm-3)
Shannon
 (H' )
Evenness
 (E )
F 63 (1785) 07.43 ± 1.30 2.82 0.266 40 (219) 0.010 ± 0.001 2.96 0.484
T 53 (1858) 05.27 ± 1.04 2.63 0.262 35 (221) 0.007 ± 0.000 2.81 0.474
FI 38 (0638) 05.31 ± 1.22 2.42 0.294 22 (083) 0.008 ± 0.001 2.56 0.585
FE 51 (1147) 09.55 ± 2.25 2.74 0.304 27 (136) 0.013 ± 0.001 2.69 0.547
T25 48 (1335) 11.12 ± 2.59 2.46 0.245 31 (115) 0.011 ± 0.001 3.00 0.645
T60 24 (0390) 03.25 ± 1.04 2.15 0.356 14 (061) 0.005 ± 0.001 2.17 0.623
T95 09 (0133) 01.10 ± 0.14 1.63 0.568 09 (045) 0.004 ± 0.000 1.64 0.574
F 83 (2864) 11.93 ± 2.60 2.87 0.212 41 (308) 0.0147 ± 0.002 2.97 0.476
T 49 (2792) 08.11 ± 1.57 1.50 0.092 48 (510) 0.016 ± 0.002 2.46 0.244
FI 58 (1256) 10.46 ± 1.59 2.84 0.604 17 (092) 0.009 ± 0.003 2.32 0.604
FE 57 (1608) 13.40 ± 4.99 2.31 0.177 33 (216) 0.020 ± 0.003 2.71 0.458
T25 36 (1010) 08.41 ± 2.63 2.09 0.225 29 (220) 0.021 ± 0.004 2.26 0.331
T60 28 (0899) 07.53 ± 2.82 1.00 0.097 22 (151) 0.014 ± 0.003 2.10 0.371
T95 14 (0883) 07.35 ± 2.51 0.89 0.175 24 (139) 0.013 ± 0.003 2.37 0.450
Litter  -seed bank (LSB) Soil -seed bank (SSB)
CHM
NTK
 
 
Species compositions 
The species compositions of seeds in the  seed bank across the two plantations and its 
surrounding forest showed very distinct natural grouping (Figure 2.3). There was 7% 
similarity in species composition  between plantations and 31% between forests at CHM 
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and NTK . Whereas forests and plantations were 34% similar in CHM and only 18% in 
NTK. Further, non-parametric PERMANOVA indicates that species composition change 
is highly significant across the two plantations (F = 6.519, df = 1, p (MC) = 0.0001. 
Further, Bray–Curtis similarity also confirms distinct clustering of species composition 
across the two elevations.  
 
Figure 2.3. Dendrogram of the two plantations sampled, using LSB – litter seed bank in Forest 
(F) and Tea (T). Cluster distances were calculated with the Bray–Curtis similarity index 
(grouped average link) for the species and density, CHM = Chinnamanjolai, NTK = Netterikal. 
 
Forest proximity 
 
Species richness and seed density 
Species richness of seeds declined with distance from the forest at CHM (Kruskal–
Wallis; χ2 = 14.245, df = 3, p = 0.002) and at NTK (Kruskal–Wallis; χ2 = 13.97, df = 3, p 
= 0.002). Evenness decreased with distance only in CHM and not in NTK (Table 2.1).  
Density of seeds declined with distance at CHM (Kruskal–Wallis; χ2 = 13.64, df = 3, p = 
0.003, Figure 2.4) but not so in NTK (Kruskal–Wallis; χ2 = 6.73, df = 3, p = 0.08).  
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Figure 2.4. Mean species richness and seed density (± se) at varying distances from the forest. 
FI = forest interior, FE = Forest–tea-edge, T25 = 25 m, T60 = 60 m and T95 = 95 m are distances 
from forest edge. 
 
In general, as one moves away from the forest, lower species richness and seed density is 
seen in the plantations. This is true for CHM, but not so with density of seeds in NTK.  
 
LSB in both the plantations (i.e., CHM and NTK) reach an asymptote at 95 m. In case of 
CHM, it happens with 50 seeds and in NTK with about 200 seeds (Figure 2.5), whereas 
other distances of 60 m, 25 m and also forests did not show any asymptote even with 240 
sub-plots spread across 2 years indicating that species turnover is higher in forests and in 
plantations closer to forests than further away.  
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Figure 2.5. Estimated species richness by Coleman’s individual-based rarefaction for CHM = 
Chinnamanjolai and NTK = Netterikal. F = forest (mean of FI  and FE), T25 = 25 m, T60 = 60 m 
and T95 = 95 m are distances from forest edge.   
 
Cumulative species richness showed siginificant difference with all distance classes in 
both the plantations. Only the 25 m in CHM was not different from the forests (Table 
2.2).  
 
Table 2.2. Comparisons of differences in cumulative species richness between various distance 
intervals at 95% confidence level using ‘rich’ (R package). The values indicate differences in 
species. * p < 0 05, ** p < 0 001, ns – not significant. 
 
Distance  intervals (m) CHM NTK 
     F–T25 15 ns 47 ** 
     F–T60 39 ** 55 ** 
     F–T95 54 ** 69 ** 
     T25–T60 24 ** 08 ns 
     T25–T95 39 ** 22 ** 
     T60–T95 15 ** 14 * 
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Dispersal modes 
 
The most species-rich dispersal modes in CHM and NTK were passive, bird–mammal, 
and bird across forests and plantations (Table 2.3). The distribution of species across 
different modes did not show significant difference between forests and plantations for 
both CHM (G = 1.364, df = 4, p = 0.85) and NTK (G = 2.829, df = 5, p = 0.58). In CHM 
plantation, bird-mammal (BM) accounted for 79%, passive (Pa) 74%, birds (B) 56%, and 
mammals (M) 50% of species. No exclusive bat dispersed species were seen in CHM. In 
NTK, Pa accounted for 84%, BM 72%, B 50%,  and M 35% of species.  
 
However, unlike species the distribution pattern of seed density in different modes were 
highly significant between forests and plantations for both CHM (G = 603.56, df = 4, p < 
0.001), and NTK (G = 1299.07, df = 5, p < 0.001).  In terms of seed density at CHM, BM 
accounted for 55%, Pa 55%, B 50%, BtM 14%, and M 9% of the seeds, while at NTK,  
BM 71%, Pa 54%, BtM 28%, B 17%, and M 3%.   
 
Table 2.3. Mean species richness and seed density ( x̄ ± se) across different dispersal modes 
encountered in the litter (m 
-2
) in forests and plantations. (Pa
#
 = from soil seed bank in cm
-3
).  
 
B 0.15 ± 0.03 0.15 ± 0.03 0.50 ± 0.07 0.13 ± 0.02
BM 0.35 ± 0.05 0.39 ± 0.05 0.36 ± 0.05 0.33 ± 0.04
BtM 0.10 ± 0.02 0.03 ± 0.01 0.20 ± 0.03 0.08 ± 0.02
Bt 0.00 ± 0.00 0.00 ± 0.00 0.03 ± 0.01 0.01 ± 0.00
M 0.33 ± 0.05 0.06 ± 0.01 0.36 ± 0.06 0.02 ± 0.01
Pa# × 10-3 2.11 ± 0.28 1.98 ± 0.25 1.92 ± 0.38 2.37 0.31
B 0.73 ± 0.29 1.55 ± 0.58 3.41 ± 0.87 0.45 ± 0.15
BM 3.18 ± 1.10 2.64 ± 0.73 3.87 ± 1.90 6.45 ± 1.55
BtM 0.65 ± 0.26 0.07 ± 0.03 2.95 ± 0.91 0.76 ± 0.24
Bt 0.00 ± 0.00 0.00 ± 0.00 0.03 ± 0.01 0.01 ± 0.01
M 1.33 ± 0.34 0.09 ± 0.03 1.39 ± 0.35 0.03 ± 0.01
Pa# x 10-3 4.42 ± 0.67 3.59 ± 0.48 5.28 ± 1.81 4.10 ± 0.72
Forest Tea
CHM
Species richness
Seed density
NTK
Forest Tea
Dispersal
 modes
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Distance effect  
Species richness and seed density  
Species richness in the different dispersal modes declined significantly with distance 
from forests to the interior of the plantations for birds (Kruskal–Wallis; B: χ2  = 15.41, df 
= 3, p = 0.001) and passive (Pa: χ2 = 18.10, df = 3, p = 0.0004)  but not for bird–mammal 
(BM: χ2 = 1.11, df = 3, p = 0.77) at CHM (Figure 2.6). At NTK similar decline was 
evident for birds (B: χ2 = 22.44, df = 3, p = 0.0001); bat–mammal (BtM: χ2 = 15.89, df = 
3, p = 0.001), but not for bird-mammal (BM: χ2 = 1.25, df = 3, p = 0.73), and passive (Pa: 
χ
2 
= 2.27, df = 3, p = 0.51). 
 
The most common dispersal mode in which seed density declined away from the forests 
in CHM was bird  (χ2 = 15.59, df = 3, p = 0.001) while  passive (χ2 = 4.59, df = 3, p = 
0.20) and bird–mammal (χ2 = 0.76, df = 3, p = 0.85 ) also declined. In NTK,  bird (χ2 = 
23.20, df = 3, p = 0 0001) and bat–mammal (χ2 = 15.84, df = 3, p = 0.001) declined with 
distance but not bird–mammal (χ2 = 1.03, df = 3, p = 0.79) and passive (Pa: χ2 = 2.02, df 
= 3, p = 0.56; Figure 2.6).    
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Figure. 2.6. Mean species richness (a) and seed density (x̄ ± se) (b); in different dispersal 
modes at various distances,  from forests to plantations at CHM and NTK. Dispersal modes 
data is from LSB and only Pa from SSB. FI: forest interior, FE: Forest–tea-edge; T25 = 25 m, T60 
= 60 m and T95 = 95 m are distances from forest edge. 
 
In general, density of seeds under different dispersal modes showed variable response to 
distance from the forests to the plantations. Bird seeds declined with distance while BM 
did not decline with distance in both CHM and NTK. Pa seeds are generally distributed 
uniformly across both the plantations (Figure 2.6).  
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Life-forms 
 
All four life-forms; trees, shrubs, lianas and herbs were recorded in forests and 
plantations in both CHM and NTK (Table 2.4). In CHM plantation, shrubs accounted for 
89% of the species, herbs 80%, tree 62% and liana 44% while in NTK herbs were 
dominant 83%, liana 65%, trees 54% and shrubs 42%. The distribution of species 
richness across life-forms did not show significant difference between forests and 
plantations at CHM (G-test: G = 2.417, df = 3, p = 0.49) and at NTK (G = 4.701, df = 3. p 
= 0.19). In terms of density, at CHM plantation, shrubs were dominant 95% followed by 
herbs 49%, trees 41% and lianas 7%. Similarly in NTK plantation, shrubs were dominant 
97%, followed by herbs 62%, liana 44% and trees 21%. The distribution of seed-density 
across different life-forms was however different at CHM (G = 919.26 , df = 3, p = 
0.001) and NTK (G = 3584.28, df = 3, p = 0.001). 
 
Table 2.4. Mean species richness and seed density (x̄ ± se) across different life-forms 
encountered in the litter (m 
-2
) of forests and plantations. (herbs
#
: from soil seed bank in cm
-3
). 
 
herbs# × 10-3 2.40 ± 0.31 1.86 ± 0.22 02.16 ± 0.43 2.82 ± 0.34
shrubs 0.06 ± 0.02 0.26 ± 0.03 00.10 ± 0.03 0.16 ± 0.02
trees 0.87 ± 0.12 0.40 ± 0.06 01.25 ± 0.15 0.34 ± 0.05
lianas 0.16 ± 0.03 0.03 ± 0.01 00.19 ± 0.04 0.07 ± 0.02
herbs# × 10-3 5.43 ± 0.86 3.52 ± 0.46 06.29 ± 1.83 6.88 ± 1.10
shrubs 0.15 ± 0.06 1.88 ± 0.47 00.24 ± 0.10 5.56 ± 1.50
trees 6.01 ± 1.44 2.79 ± 0.91 11.09 ± 2.87 1.93 ± 0.46
lianas 0.70 ± 0.20 0.03 ± 0.01 03.23 ± 0.61 0.22 ± 0.12
Species richness
Seed density
CHM NTK
Forest Tea Forest Tea
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Distance effect 
Species richness under the different life-form category showed significant increase with 
distance from forest to the interior of the plantation at CHM for shrubs (χ2 = 14.57, df = 3, 
P = 0.002) and a decline for herbs (χ2  = 15.70, df = 3, p = 0.001) whereas trees and lianas 
declined marginally (Kruskal–Wallis; χ2  = 6.07, df = 3, p = 0.10; Figure 2.7) . At NTK, 
trees (χ2 = 10.21, df = 3, p = 0.01) and lianas (χ2 =  18.38, df = 3, p = 0.0001) showed 
significant decline but not shrubs (χ2 =  3.14, df = 3, p = 0.36) and herbs (χ2 = 2.49, df = 3, 
P = 0.47).  
 
In terms of seed density all life forms generally decreased with distance from forests at 
CHM; shrubs declined significantly (χ2 = 14.57, df = 3, p = 0.002) while it was not 
significant for trees (χ2 = 6.31, df = 3, p = 0.09) and herbs (χ2 =  5.40, df = 3, p = 0.14). 
However, at NTK, trees (χ2  = 9.88, df = 3, p = 0.01 ) and lianas (χ2 = 18.29, df = 3, p = 
0.0001) declined with distance from forests whereas shrubs increased (χ2  = 3.32, df = 3, 
P = 0.34), and herbs showed no clear patterns with distance (χ2   = 2.80, df = 3, p = 0.42).  
 
In general except for shrubs and herbs, trees and lianas declined with distance from the 
forests. Shrubs appears to increase in plantations which may be due to the presense of 
invasive species similarly in herbs which may be due to light loving perenials. 
47 
 
 
0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0
0.2
0.4
0.6
0.8
1
1.2
Sp
ec
ie
s 
ric
hn
es
s 
(m
-
2 )
0.000
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008
0
2
4
6
8
10
12
FI FE T25 T60 T95
D
en
sit
y 
(m
-
2 )
0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0.005
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
shrubs tree
lianas herbs#
Sp
ec
ie
s 
ric
hn
es
s 
(vo
lu
m
e.
 
cm
-
3 )
0.000
0.002
0.004
0.006
0.008
0.010
0.012
0.014
0
5
10
15
20
FI FE T25 T60 T95
D
en
sit
y 
(vo
lu
m
e.
 
cm
-
3 )
CHM NTK
(a)
(b)
 
Figure. 2.7. Mean species richness (a) and seed density (b); in different life-forms at various 
distances (x̄ ± se),  from forests to plantations at CHM and NTK. Life-form data is from LSB and 
herb 
#
 from SSB. FI: forest interior, FE: Forest–tea-edge; T25 = 25 m, T60 = 60 m and T95 = 95 m 
are distances from forest edge. 
 
Seed size  
 
The distribution of species in each seed size category did not show significant difference 
between forests and plantations for both CHM (G-test: G = 0.676, df = 3, p = 0.87), and 
NTK (G = 7.270, df = 3, p = 0.06). In CHM species with micro sized seeds 76% were 
most common followed by small 67%, large 63%, and medium 61% sized seeds. In NTK 
plantations also micro seeds 83% dominated followed by medium 54%, small 49%, and 
large seeds 33%. 
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The distribution patterns of seed density in each seed size class was highly significant 
between forests and plantations at CHM (G = 325.58, df = 3, p = 0.001) and NTK (G = 
657.28, df =3, p = 0.001; Table 2.5). 
 
In terms of seed density at CHM small seeds 59% were most common, followed by 
medium 53%, micro 46% and large 8% seeds whereas in NTK micro seeds 65% were 
most common followed by small 46%, large 31% and medium 17% .  
 
Table 2.5. Mean species richness and seed density (x̄ ± se) across different seed size 
encountered in the litter (m 
-2
) of forests and plantations. (Micro
#
: from soil seed bank in cm
-3
). 
 
Micro# × 10-3 3.51 ± 0.33 2.30 ± 0.28 3.89 ± 0.55 4.48 ± 0.43
Small 0.52 ± 0.07 0.35 ± 0.05 0.32 ± 0.05 0.11 ± 0.02
Medium 0.48 ± 0.07 0.38 ± 0.05 0.90 ± 0.11 0.33 ± 0.04
Large 0.23 ± 0.03 0.05 ± 0.01 0.43 ± 0.06 0.09 ± 0.02
Micro# × 10-3 8.07 ± 0.98 4.55 ± 0.60 3.89 ± 0.54 4.48 ± 0.42
Small 2.57 ± 0.62 2.47 ± 0.69 0.94 ± 0.23 0.53 ± 0.29
Medium 2.76 ± 0.75 2.07 ± 0.48 8.73 ± 2.65 1.17 ± 0.22
Large 1.26 ± 0.33 0.08 ± 0.03 2.25 ± 0.55 0.68 ± 0.23
Species richness
Seed density
CHM NTK
Forest Tea Forest Tea
 
 
Distance effect 
Species richness within different seed size classes showed significant decline with 
distance from forest at CHM for micro seeds (Kruskal–Wallis; χ2  = 21.07, df = 3, p = 
0.0001); small seeds  (χ2  = 8.20, df = 3, p = 0.04); medium seeds only marginally 
declined (χ2 = 0.59, df = 3, p = 0.89; Figure 2.8) and no large seeds were recorded beyond 
60 m . In NTK, species richness for small (χ2 = 13.76, df = 3, p = 0.003); and large seeds 
(χ2 = 25.93, df = 3, p = 0.0001) declined significantly with distance but not for micro 
seeds (χ2 = 0.98, df = 3, p = 0.80)  and medium sized seeds (χ2 = 6.55, df = 3, p = 0.08 ) 
which only showed a gradual decline.  
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In terms of seed density, at CHM, small (χ2 = 10.44, df = 3, p  = 0.01); and micro seeds 
(χ2  = 12.1, df = 3, p = 0.007) declined with distance from forest while medium sized 
seeds only marginally declined ( χ2 = 0.44, df = 3, p  = 0.93; Figure. 2.8). In NTK, seed 
density for small (χ2  = 12.68, df = 3, p = 0.005 ), and large seeds (χ2  = 28.40, df = 3, p = 
0.0001) declined but not micro seeds (χ2 = 2.68, df = 3, P = 0.44) and medium sized seeds 
(χ2  = 6.73, df = 3, p = 0.08). 
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Figure 2.8. Mean species richness (a), and seed density (b) in different seed size classes 
(length) across various distances from forests to plantations (x ± se)  at CHM and NTK. Micro 
#
 
= ≤ 0.1 cm (from SSB) ; S = small (>0.1 to 0.5 cm); M = Medium (>0.5 to  1.5 cm) and L = large 
(>1.5 cm). 
 
In general, large, medium, and small seeds declined with distance both in terms of 
species and seed density. Whereas micro sized seeds were not affected in NTK both in 
terms of species richness and density.   
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Frugivore assemblage 
 
A total of 17 species of volant taxa that includes 14 species of frugivore birds were 
recorded. The sloth bear (Melursus ursinus) and Brown palm civet (Paradoxurus jerdoni) 
are the two non-volant seed dispersers (Appendix 2.2a, b) recorded in the forest–
plantation matrix at CHM and NTK.    
 
Volant Taxa 
Frugivore birds –Species and abundance 
In CHM, 12 frugivore bird species were recorded in the forest–tea matrix; of these 9 were 
recorded in the forest and 8 in plantations and there was no significant difference in 
species across forests and plantations (t-test, unequal samples; t = –0.13715, n1 = 25, n2 = 
29, p(2-tailed) = 0.89). In NTK, 13 species of frugivore birds were recorded all 13 of these 
in plantation and 12 in forest and no significant change in species richness across forests 
and plantations (t = –0.428, n1 = 53, n2 = 36, p(2-tailed) = 0.66).   
 
Frugivore diversity and evenness at CHM was marginally higher in forest than 
plantations (Table 2.6). In contrast at NTK, diversity and evenness was marginally higher 
in plantation than in forest.   
 
Table 2.6. Species richness, abundance, diversity, and evenness of birds in forests and 
plantations at CHM and NTK. 
 
Tea/ 
forests 
Species richness 
(Abundance) 
Shannon 
(H') 
Evenness 
(E) 
CHM 
Forest (n1 = 25) 9 (50) 1.83 0.691 
Tea (n2 = 29) 8 (79) 1.47 0.545 
NTK 
Forest (n1 = 53) 12 (149) 1.78 0.494 
Tea (n2 = 36) 13 (113) 1.85 0.488 
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The total number of birds recorded at the forest–tea matrix in CHM was 129 individuals 
(from 54 point count), of these, plantation accounted for 61% and forest 39%. There is no 
significant change in abundance between forest and plantation (t = –1.0424, n1 = 25, n2 = 
29, p(2-tailed) = 0.30). At NTK, of 262 individuals recorded (from 89 point count),  43%  
were found in the plantation and 57%  in the forest and there was no significant change in 
abundance between forests and plantation (t = –0.487, n1 = 53, n2 = 36, p(2-tailed) = 0.62) 
(Table 2.6). 
 
The frugivore guild at CHM was further classified into canopy (8 species), midstorey (1) 
and understorey (3) dwellers. Higher number of canopy species was seen in forests than 
in plantations, whereas higher numbers of understorey species were recorded in the 
plantations and no differences noticed for midstorey species. In NTK also showed higher 
number of canopy species (7), followed by understorey (4) and midstorey species (2) was 
recorded. Overall, both forests and plantations had higher number of species in the 
canopy and understorey, followed by midstorey (Figure 2.9).  
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Figure 2.9. Cumulative species richness and mean abundance across (± se) CHM, NTK and 
surrounding forests: C = Canopy; M = Midstorey and U = Understorey.  
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The dominant frugivore birds in the CHM forest–plantation matrix were Pycnonotus 
jocosus (Red-whiskered bulbul), Acritillas indica (Yellow-browed bulbul) and 
Hypsipetes leucocephalus (Black bulbul). In NTK, the forest was dominated by 
Hypsipetes leucocephalus followed by Acritillas indica and Pycnonotus jocosus; whereas 
in plantations, Pycnonotus jocosus was dominant followed by Hypsipetes leucocephalus 
and Acritillas indica (Figure 2.10, Appendix 2.2a). Interestingly, Megalaima viridis 
(White cheeked barbet) a major frugivore was not recorded in the CHM tea plantations 
and Pycnonotus jocosus was in low abundance in NTK forest, but high in NTK tea 
plantations.  
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Figure 2.10. Relative abundance of avian frugivores in the forests and tea plantations at CHM 
and NTK. Red whiskered bulbul (RBUL) ; Black bulbul (BBUL) ; Yellow browed bulbul (YBUL); 
Indian Scimitar babbler (ISCH); Mountain imperial pigeon (MIMP); Oriental white eye (OWTE); 
Kerala Laughing thrush (KLTH); Eurasian blackbird (EBLA); White-cheeked barbet (WBAR); 
Nilgiri flycatcher (NFLY); Rosefinch (RFIN); Wynaad laughing thrush (WLTH); Red-vented bulbul 
(RVBU) and Fairy-bluebird (FBLU).  
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In CHM, frugivore composition was 56% similar between forest and plantations, and in 
NTK, it was 63%. The two plantations shared about 58% and forests about 40% of 
species (Figure 2.11).  
  
 
 
Figure 2.11. Dendrogram of the frugivore composition in the two plantations. Cluster 
distances were calculated with the Bray–Curtis similarity index (grouped average link) for the 
species and seed density. CHM = Chinnamanjolai, NTK = Netterikal, F = Forest   and T = Tea.  
 
Frugivore bats  
Bat seed droppings indicated the presence of frugivore bat species within the plantations 
and the surrounding forest. Earlier studies from the same landscape recorded three 
frugivore species of Cynopterus sphinx, Cynopterus brachyotis and Latidens salimalii, 
which are the potential seed dispersers in this plantation (Appendix 2.2b). 
 
Non-flying mammals (non-volant) 
Two frugivorous species were recorded in both the plantations of CHM and NTK in the 
camera traps. The capture rate for Paradoxurus jerdoni (Brown palm civet) was more in 
NTK than CHM, whereas that of Melursus ursinus (Sloth bear) was higher in CHM than 
NTK (Figure 2.12; Appendix 2.2b). 
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Figure 2.12. Camera capture rate (hr
–1
) of frugivorous non-volant taxa across CHM and NTK 
plantations. 
 
Discussion 
 
Forest, Frugivores and plantations 
 
The proportion of native species in the surface litter of the plantations was about 68% of 
that recorded in adjacent forests, while the seed density was about 50%. In the adjacent 
managed tea plantation at about the same elevation (1250 m), species richness in litter 
was in the range of 1/6–1/14 times and seed density was 1/500 times of that found in the 
forests (Chetana and Ganesh 2012). Though species input appears to be similar in both 
managed and abandoned plantations, density of seeds, assuming was similar to managed 
plantations before plantations were abandoned, has increased by about 125 times (from 
1/500 to 1/4) in the last 17 years in abandoned plantations, which is substantial, but still 
not similar to the adjacent forest. Several factors could influence seed arrival in the 
plantations (Chetana and Ganesh 2012). These could include, among others, availability 
of seeds in the neighbourhood, distance of such seed sources (Martínez-Garza et al. 
2009), phenology of trees in the surrounding forests (Guevara et al. 2004), frugivore 
activity and availability of suitable habitats such as perches or remnant trees (Zanini and 
Ganade 2005; Holl 2002; Holl et al. 2000; Galindo-González et al. 2000; Holl et al. 
2000; Duncan and Chapman 1999; Holl 1998), as discussed in the next few sections. 
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Ninety-two % of the seeds in terms of seed density that arrived in the plantations were 
animal-dispersed (i.e., volant/non-volant) and the rest were passively dispersed. 
Therefore, frugivores play a major role in carrying seeds into the plantations. The 
dominant frugivores were bulbuls among birds and Paradoxurus jerdoni (brown palm 
civet) and Melursus ursinus (sloth bears) among mammals (Appendix 2.2a). Though 
there was no significant difference in abundance of birds between plantations and forests, 
higher abundance was noticed at the higher elevation ( NTK) than in the lower elevation 
(CHM).  This may be due to the availability of more fruit resources in NTK such as 
Maesa indica which usually fruits all through the year, whereas in CHM fruit source was 
low  other than overgrown lantana. In terms of seed dispersal service, the assemblage of 
avian frugivores available within the forest–plantation matrix may not be enough to 
disperse all the native species found in the region. The dominant dispersers (bulbuls) in 
the plantation may be able to disperse species with small and medium-sized seeds 
available in the surrounding forests. Large frugivore birds such as hornbills and pigeons 
though present, are in low abundance and may not perch frequently within the plantation 
as only a few tall trees are available. In addition, plantation size could also matter as 
many birds, especially large frugivores may avoid small open habitats (pers. obs.), 
especially when forests are seen close by and thereby not contribute to dispersal.  
 
Earlier studies from tropical rainforest regions have shown that agroforestry plantations, 
logged forests and secondary successional forests generally harbour fewer bird species 
and have altered community composition as compared to primary forests (Raman et al. 
1998; Thiollay 1995; Johns 1992; Daniels et al. 1990). Unlike other tree or shrub 
plantations, tea habitats have dense undergrowth of tea plants and only few native early-
successional species such as Viburnum punctatum, Litsea wightiana, and Maesa indica 
are found here. Small frugivores such as bulbuls get attracted by plenty of fruits produced 
by these species. This could be the reason we did not find significant difference in either 
the frugivore richness or abundance across the forests and plantations while there was a 
56-63% difference in their composition.  
 
56 
 
Bats are another set of frugivores which can help in dispersing seeds far away from the 
trees. The plantations may not be so attractive to bats since it has been shown that 
retaining a heterogeneous tree cover attracts diverse bat assemblages (Medina et al. 2007; 
Gorchov et al. 1993; Thomas et al. 1988; Charles-Dominique 1986). In abandoned 
plantations though, the trees have colonised in the last 17 years, are still small and not 
very diverse or do not have dense canopy cover that can attract frugivorous bats. 
Moreover not many of the early successional species are bat-dispersed and therefore in 
terms of fruit resource inside the abandoned plantations, it is still not attractive to bats. 
Therefore, the ability of bats to help disperse seeds into the tea plantations seems limited 
even 17 years after abandonment.  
 
Two main factors that may prevent the frugivores from venturing into the plantations are 
limited food and habitat suitability (Chetana and Ganesh 2012). Tea plantations are 
‘green deserts’ for frugivores as they lack fruit resources and tea fruit itself is not eaten 
by frugivores. The second factor could be the lack of adequate tree cover and most of the 
plants were not more than 10 m in height, moreover as seen in CHM, lantana has 
colonised most parts of the tea plantation and in NTK, tea is the dominant vegetation thus 
making the habitats less attractive for frugivores. The frugivore birds were assessed only 
along the forest edge (100 m), which could be the reason we did not record all the 
frugivore birds in the forests of CHN and NTK plantations and only inhabitants of open, 
understorey and forest edge species were recorded.  
 
Dispersal limitation 
 
Seed input is also a function of seed source and distance from the source. Seed species 
richness and seed density decreased with distance of plantation from the forest. In the 
case of lower elevation CHM plantation, at 95 m from the forests only 11% of species 
and 1% of seeds were dispersed into the plantations. In NTK, it was 14% and 31%, 
respectively. Overall, such sharp decline in forest species within 95 m of the forest edge 
even after 17 years of abandonment indicates limitations of dispersal (Figure 2.11).  
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An earlier study in the same landscape, showed that frugivore richness was low in the 
southern Western Ghats compared to elsewhere in the old world tropics (Ganesh and 
Davidar 2001; Raman 2001). Many large seeded species were late successional species 
such as Palaquium ellipticum, Artocarpus heterophyllus Myristica beddomei and Agalia 
sp,, dispersed by mammals, large birds such as hornbills or pigeons (Chetana, H.C. 
unpubl, Ganesh and Davidar 2001). On the other hand, micro seeds such as Maesa. 
indica, Ficus sp, small-sized seeds such as Symplocos cochinchinensis, Viburnum 
punctatum and medium-sized ones such as Litsea wightiana, Elaeocarpus munronii and 
others which are dispersed by birds (bulbuls) and brown palm civets could easily negate 
this distance effect by employing the dual dispersal strategy. Dual dispersers such as bird-
mammal (BM) do not appear to be constrained by distance from the forest both in CHM 
and NTK. This can be expected as bird dispersed species may disperse seeds in the 
plantations closer to the forest as seen above, but non-volant species such as civets or 
bear, which traverse through the plantations, can disperse the seeds deep inside the 
plantations. So, dispersal limitation could also be a function of the disperser assemblage 
involved in the dispersal of species. 
 
Trees and shrubs especially with seeds larger than 0.5 cm (i.e., medium-size seeds), 
which mostly belonged to early-succession species such as S. cochinchinensis, E. 
munronii, E. serratus and many Lauraceae species, and understorey species of Psychotria 
sp. depended on frugivores and therefore dispersal was influenced by distance from 
forests. However, in case of herbs no such effect was seen. This may be because herbs 
experience passive dispersal either by ballistic/dehiscing methods and do not require 
animal vectors. An earlier study which compared herbs in reclaimed mine sites to control 
sites showed no difference in species richness (Holl 2002). Further, seeds of herb species 
are of very small size (< 0.5 cm), and could be dispersed by invertebrates such as ants 
(myrmecochory), by epizoochory (transported externally by animals that can have a 
variety of adaptations for dispersal, including adhesive mucus, and a variety of hooks), 
spines and barbs (Sorensen 1986); also by runoff water in terrain having steep slopes 
(hydrochory) (Howe and Smallwood 1982) or by wind (see Figure 2.6). This could be the 
reason why herbs did not show significant distance-related dispersal difference in forests 
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and plantations, except in CHM where species richness declined. This may be due to the 
over grown invasive species in CHM.  
 
Elevation and forest colonisation 
 
Elevation difference between the two plantations was about 300 m and only 7% of the 
native species were shared between the plantations, whereas 31% of species was shared 
between the two elevation forests (Figure 2.3). This is because a large proportion of 
species was unique to each elevation owing to the transitional ecotone effect caused by 
sharp bioclimatic gradients (Pascal and Pelissier 1996; Pascal and Ramesh 1987). An 
earlier study by Ganesh et al. (1996) reported a similar pattern caused by a small change 
in elevation, which influenced the species composition, within the mid-elevation wet 
evergreen forests of KMTR.  
 
Frugivore composition also changes due to elevation change. Earlier studies elsewhere 
emphasised that changes in the vegetation pattern may change species richness and 
abundance of frugivores (Herrera 1984). In this study, very sharp changes in elevation 
(i.e., 300 ± 50 m) accounted for about 58% of species common between the two 
plantations and 40% common species between the forests of CHM and NTK (Figure 
2.11). Though frugivore richness and composition only changed marginally between 
plantations (Appendix 2.2a), the change in frugivore abundance was high in plantations at 
higher elevations. The reason behind such changes could be the availability of food 
resources (Loiselle and Blake 1991; Herrera 1984). In NTK, Black bulbul was the only 
dominant frugivore which was highly mobile and foraged in flocks, which accounted for 
its abundance. It preferred canopy trees and frequented mass-fruiting species such as E. 
munronii, L. wightiana and Persea macrantha, across a large landscape, and was 
therefore seasonal.     
 
The higher elevation plantation at NTK also recorded higher seed input in all the 
distances compared to lower elevation CHM plantations, though one would expect more 
seed input from CHM due to the transitional ecotone of deciduous to evergreen species 
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present in the surrounding forest. The reason for lack of such differences could be the 
absence of mass-fruiting species in CHM, unlike in NTK, where E. munroni and S. 
cochinchinensis produced large number of fruits. This could be a reason for presence of 
lesser number of Hypsipetes leucocephalus than Pycnonotus jocosus in CHM. In CHM, 
the undulating terrain with forest adjacent to open grassland could be less attractive to 
many forest frugivores.  
 
Abandonment and forest colonisation 
 
Species richness and seed diversity of seed bank also depended upon the temporal pattern 
of land abandonment. Currently managed plantations in KMTR received 11% of species 
and 2% of seeds from the forest (Table 2.7). Abandoned plantations at NTK and CHM 
received 60% and 66% of species, and 51% and 50% of seed density respectively. Such 
differences between managed and abandoned plantations were due to mass fruiting of E. 
munronii along the edge and these were not dispersed much into the managed plantations, 
and moreover this species was less abundant in forests near abandoned plantations. After 
17 years, the abandoned plantations appear to have received good number of seeds from 
the forests. A study from Costa Rica has shown that seed density varies with the years of 
abandonment and time depending upon successional changes in the vegetation (Young et 
al. 1987). 
 
Table 2.7. Species richness (m
–2
) and seed density (m
–2
) within managed and abandoned tea 
plantation and adjacent forests. 
@
(Chetana and Ganesh 2012). 
 
Plantation  
plot (m -2) 
Species richness   Seed density  
Forest Tea   Forest Tea 
Managed @ 3.07 ± 0.12 0.39  ± 0.32   89.82 ± 9.60 1.76 ± 0.32 
CHM 1.78 ± 0.08 0.99  ± 0.06   07.40 ± 1.10 5.16 ± 0.82 
NTK 2.35 ± 0.08 0.79 ± 0.05   11.93 ± 1.58 7.75 ± 1.38 
 
Although density of seeds in abandoned plantations may be “increasingly” similar to that 
of the species in the forests, their compositions was only 18-34% similar with the forest 
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(Figure 2.3); which indicates that there is more to seed recovery than just seed density. 
The plantations were abundant in early succession species such as Osyris arborea, and V. 
punctatum at lower elevations; and M. indica, V. punctatum, S. cochinchinensis and E. 
serratus at higher elevations and late successional species were missing which could be a 
reason for such differences in composition since late successional species form a major 
component of primary forests.  
 
Studies on abandoned fields elsewhere show that remnant/perches negate the seed input 
limitations caused by distance from the forest (Zanini and Ganade 2005; Holl 2002; Holl 
et al. 2000; Galindo-González et al. 2000; Holl et al. 2000; Duncan and Chapman 1999; 
Holl 1998). An abandoned pasture in Costa Rica showed that trees with perches enhance 
the seed input compared to the ones that do not have perches (Holl 1998). Similarly, 
within abandoned ‘shade and sun’ coffee plantations, seed input was facilitated by shade 
or remnant perches (Marcano-Vega et al. 2002). The tea plantations though abandoned 
for 17 years without any management interventions, having good seed sources from the 
surrounding forest and a fair amount of volant and non-volant frugivores but still only 51-
65% of the forest plant species were recorded within the plantations, all of which were 
early successional species; and large-seeded late successional species were yet to reach 
the plantations. This indicates that not only large frugivore dispersed species are limited, 
but even when few such species do reach the plantation, habitat suitability and conditions 
may not be conducive for establishment (see Chapter 3). In general distance from forests 
in combination with functional traits of the seeds arriving at the plantations are critical 
how abandoned areas recover into natural forests. 
 
References  
 
 
Ali, R. and A. Pai. 2001. Human use areas in the Kalakad Mundanthurai Tiger Reserve. 
Current Science  80: 442-452. 
Anderson, M. J. 2001a. A new method for non-parametric multivariate analysis of 
variance. Austral Ecology 26:32-46. 
Anderson, M. J. 2001b. Permutation tests for univariate or multivariate analysis of 
variance and regression. Canadian Journal of Fisheries and Aquatic Sciences 
58:626-639. 
61 
 
Arellano, L., M. Favila, and C. Huerta. 2005. Diversity of dung and carrion beetles in a 
disturbed Mexican tropical montane cloud forest and on shade coffee plantations. 
Biodiversity and Conservation 14:601-615. 
Armbrecht, I., I. Perfecto, and J. Vandermeer. 2004. Enigmatic Biodiversity Correlations: 
Ant Diversity Responds to Diverse Resources. Science 304:284-286. 
Barbosa, C. E. d. A., T. Benato, A. L. Cavalheiro, and J. M. D. Torezan. 2009. Diversity 
of Regenerating Plants in Reforestations with Araucaria angustifolia (Bertol.) O. 
Kuntze of 12, 22, 35, and 43 Years of Age in Paraná State, Brazil. Restoration 
Ecology 17:60-67. 
Chapman, C. A. and L. J. Chapman. 1999. Forest Restoration in Abandoned Agricultural 
Land: a Case Study from East Africa. Conservation Biology 13:1301-1311. 
Charles-dominique, P. 1986. Inter-relations between frugivorous vertebrates and pioneer 
plants: Cecropia, birds and bats in French Guyana. Pages. 122-135 in : Estrada, A 
and T.H. Fleming (editors). Frugivores and seed dispersal. Dr. W. Junk 
Publishers, Dordrecht. 
Chetana, H. C. and Ganesh, T. 2007. Survey and activity patterns of nocturnal mammals 
in a fragmented dry deciduous forest of Karnataka. Zoos' print Journal 22:2644-
2647. 
Chetana, H. C. and T. Ganesh. 2012. Importance of shade trees (Grevillea robusta) in the 
dispersal of forest tree species in managed tea plantations of southern Western 
Ghats, India. Journal of Tropical Ecology 28:187-197. 
Daniels, R. J. R., N. V. Joshi, and M. Gadgil. 1990. Changes in the bird fauna of Uttara 
Kannada, India, in relation to changes in land use over the past century. 
Biological Conservation 52:37-48. 
Duncan, R. S. and C. A. Chapman. 1999. Seed dispersal and potential forest succession 
in abandoned agriculture in tropical africa. Ecological Applications 9:998-1008. 
Feyera, S., E. Beck, and U. Lüttge. 2002. Exotic trees as nurse-trees for the regeneration 
of natural tropical forests. Trees 16:245-249. 
Galindo-González, J., S. Guevara, and V. J. Sosa. 2000. Bat- and Bird-Generated Seed 
Rains at Isolated Trees in Pastures in a Tropical Rainforest. Conservation Biology 
14:1693-1703. 
Gamble, J. S. and C.E.C. Fischer. 1915–1935. Flora of the Presidency of Madras. Parts I 
to XI. Secretary of State for India, London. 
Ganesh, T. and  P. Davidar. 2001. Dispersal modes of tree species in an the wet forests of 
southern Western Ghats. Current Science 80:394-399. 
Ganesh, T., R. Ganesan, M. S. Devy, P. Davidar, and K. S. Bawa. 1996. Assessment of 
plant biodiversity at a mid-elevation evergreen forest of Kalakad- Mundanthurai 
Tiger Reserve, Western Ghats, India. Current Science 71:379-392. 
Gorchov, D. L., F. Cornejo, C. Ascorra, and M. Jaramillo. 1993. The role of seed 
dispersal in the natural regeneration of rain forest after strip-cutting in the 
Peruvian Amazon. Plant Ecology 107-108:339-349. 
Gotelli, N. J. and R. K. Colwell. 2001. Quantifying biodiversity: procedures and pitfalls 
in the measurement and comparison of species richness. Ecology Letters 4:379-
391. 
62 
 
Guariguata, M. R., R. Rheingans, and F. Montagnini. 1995. Early Woody Invasion Under 
Tree Plantations in Costa Rica: Implications for Forest Restoration. Restoration 
Ecology 3:252-260. 
Guevara, S., J. Laborde, and G. Sánchez-Rios. 2004. Rain Forest Regeneration beneath 
the Canopy of Fig Trees Isolated in Pastures of Los Tuxtlas, Mexico. Biotropica 
36:99-108. 
Hartley, M. J. 2002. Rationale and methods for conserving biodiversity in plantation 
forests. Forest Ecology and Management 155:81-95. 
Harvey, C. A. 2000. Windbreaks enhance seed dispersal into agricultural landscapes in 
monteverde, costa rica. Ecological Applications 10:155-173. 
Herrera, C. M. 1984. Habitat-consumer interactions in frugivorous birds. Pages 341-365, 
In: M. L. Cody (editors.) Habitat Selection in birds. Academic Press, New York. 
Holl, K. D. 1998. Do Bird Perching Structures Elevate Seed Rain and Seedling 
Establishment in Abandoned Tropical Pasture? Restoration Ecology 6:253-261. 
Holl, K. D. 2002. Long-term vegetation recovery on reclaimed coal surface mines in the 
eastern USA. Journal of Applied Ecology 39:960-970. 
Holl, K. D., M. E. Loik, E. H. V. Lin, and I. A. Samuels. 2000. Tropical Montane Forest 
Restoration in Costa Rica: Overcoming Barriers to Dispersal and Establishment. 
Restoration Ecology 8:339-349. 
Howe, H. F. and J. Smallwood. 1982. Ecology of Seed Dispersal. Annual Review of 
Ecology and Systematics 13:201-228. 
Hunter, M. L. 1990. Wildlife, forests, and forestry: principles of managing forests for 
biological diversity. Prentice-Hall, Englewood Cliffs. 
Hutto, R. L., S. M. Pletschet, and P. Hendricks. 1986. A Fixed-Radius Point Count 
Method for Nonbreeding and Breeding Season Use. The Auk 103:593-602. 
Johns, A. D. 1992. Vertebrate responses to selective logging - implications for the design 
of logging systems. Philosophical Transactions of the Royal Society of London 
Series B-Biological Sciences 335:437-442. 
Kindt, R. and R. Coe. 2005. Tree diversity analysis. A manual and software for common 
statistical methods for ecological and biodiversity studies. Nairobi: World 
Agroforestry  Centre (ICRAF). 
Komar, O. 2006. Ecology and conservation of birds in coffee plantations: a critical 
review. Bird Conservation International 16:1–23. 
Loiselle, B. A. and J. G. Blake. 1991. Temporal Variation in Birds and Fruits Along an 
Elevational Gradient in Costa Rica. Ecology 72:180-193. 
Lugo, A. E. 1997. The apparent paradox of reestablishing species richness on degraded 
lands with tree monocultures. Forest Ecology and Management 99:9-19. 
Magurran, A. E. 2004. Measuring Biological diversity. Blackwell publishing, Malden, 
USA.  
Marcano-Vega, H., T. Mitchell Aide, aacute, and D. ez. 2002. Forest regeneration in 
abandoned coffee plantations and pastures in the Cordillera Central of Puerto 
Rico. Plant Ecology 161:75-87. 
Martínez-Garza, C., A. Flores-Palacios, M. De La Peña-Domene, and H. F. Howe. 2009. 
Seed rain in a tropical agricultural landscape. Journal of Tropical Ecology 25:541-
550. 
63 
 
McArdle, B. H. and M. J. Anderson. 2001. Fitting multivariate models to community 
data: a comment on distance-based redundancy analysis. Ecology 82:290-297. 
Medina, A., C. A. Harvey, D. S. Merlo, S. Vílchez, and B. Hernández. 2007. Bat 
Diversity and Movement in an Agricultural Landscape in Matiguás, Nicaragua. 
Biotropica 39:120-128. 
Myers, N., R. A. Mittermeier, C. G. Mittermeier, G. A. B. da Fonseca, and J. Kent. 2000. 
Biodiversity hotspots for conservation priorities. Nature 403:853-858. 
Norton, D. A. 1998. Indigenous biodiversity conservation and plantation forestry: options 
for the future. New Zealand Journal of Forestry 43:34-39. 
Otsamo, R. 2000. Secondary forest regeneration under fast-growing forest plantations on 
degraded Imperata cylindrica grasslands. New Forests 19:69-93. 
Parrotta, J. A. 1995. Influence of overstory composition on understory colonization by 
native species in plantations on a degraded tropical site. Journal of Vegetation 
Science 6:627-636. 
Parrotta, J. A., J. W. Turnbull, and N. Jones. 1997. Catalyzing native forest regeneration 
on degraded tropical lands. Forest Ecology and Management 99:1-7. 
Pascal, J. P. and B. R. Ramesh. 1987. A Field Key to the trees and lianas of the evergreen 
forests of the Western Ghats. Institut Francias De Pondichery. 1-220 
Pascal, J. P. and R. Pelissier. 1996. Structure and floristic composition of a tropical 
evergreen forest in Southern India.  Journal of Tropical Ecology, 12: 195–218. 
Pineda, E., C. Moreno, F. Escobar, and G. Halffter. 2005. Frog, Bat, and Dung Beetle 
Diversity in the Cloud Forest and Coffee Agroecosystems of Veracruz, Mexico. 
Conservation Biology 19:400-410. 
Prasad, S., A. Pittet, and R. Sukumar. 2010. Who really ate the fruit? A novel approach to 
camera trapping for quantifying frugivory by ruminants. Ecological Research 
25:225-231. 
R Development Core Team. 2011. R: A language and environment for statistical 
computing. R   Foundation for Statistical Computing, Vienna, Austria. ISBN 3-
900051-07-0, URL   http://www.R-project.org/. 
Raman, T. R. S. 2001. Community ecology and conservation of tropical  rainforest birds 
in the southern Western Ghats, India. PhD. thesis, Centre for Ecological Sciences, 
Indian Institute of Science, Bangalore, India.  
Raman, T. R. S., D. Mudappa, and V. Kapoor. 2009. Restoring Rainforest Fragments: 
Survival of Mixed-Native Species Seedlings under Contrasting Site Conditions in 
the Western Ghats, India. Restoration Ecology 17:137-147. 
Raman, T. R. S., G. S. Rawat, and A. J. T. Johnsingh. 1998. Recovery of tropical 
rainforest avifauna in relation to vegetation succession following shifting 
cultivation in Mizoram, north-east India. Journal of Applied Ecology 35:214-231. 
Ricketts, T. H., G. C. Daily, P. R. Ehrlich, and J. P. Fay. 2001. Countryside 
Biogeography of Moths in a Fragmented Landscape: Biodiversity in Native and 
Agricultural Habitats. Conservation Biology 15:378-388. 
Rossi, J. 2011. rich: an R packages to analyse species richness. Diversity 3:112-120.  
Sorensen, A. E. 1986. Seed Dispersal by Adhesion. Annual Review of Ecology and 
Systematics 17:443-463. 
Sutherland, W. J. 1996. Ecological census techniques A Handbook. Pages 1-336, 
Cambridge University press, United Kingdom.  
64 
 
Thiollay, J. M. 1995. The role of traditional agroforests in the conservation of rain-forest 
bird diversity in sumatra. Conservation Biology 9:335-353. 
Thomas, D. W., D. Cloutier,  M. Provencher and C. Houle. 1988. The shade of bird- and 
bat-generated seed shadows around a tropical fruiting tree. Biotropica 20:347-
348. 
Van Tongeren, O. F. R., 1987. Cluster analysis. Pages 174–212, in : R. H. Jongman., C. J. 
F. ter Braak, and O. F. R. van Tongeren (editors). Data analysis in community and 
landscape ecology. Pudoc, Wageningen.  
Williams-Guillén, K., C. McCann, J. C. Martínez Sánchez, and F. Koontz. 2006. 
Resource availability and habitat use by mantled howling monkeys in a 
Nicaraguan coffee plantation: can agroforests serve as core habitat for a forest 
mammal? Animal Conservation 9:331-338. 
Young, K. R., J. J. Ewel, and B. J. Brown. 1987. Seed dynamics during forest succession 
in Costa Rica. Plant Ecology 71:157-173. 
Zanini, L. and G. Ganade. 2005. Restoration of Araucaria Forest: The Role of Perches, 
Pioneer Vegetation, and Soil Fertility. Restoration Ecology 13:507-514. 
Zimmerman, J. K., J. B. Pascarella, and T. M. Aide. 2000. Barriers to Forest 
Regeneration in an Abandoned Pasture in Puerto Rico. Restoration Ecology 
8:350-360. 
65 
 
Chapter 3. Floristic composition and regeneration of 
native species in abandoned tea plantations 
 
Introduction 
 
Assessing the floristic composition and regeneration status of tropical forests is 
fundamental to the study of ecosystem health (De Leo and Levin 1997). Several studies 
emphasise the importance of understanding succession patterns under various 
management regimes such as secondary forests (Dupuy and Chazdon 1998; Young et al. 
1987a), tree-fall gap (Hopkins and Graham 1984; Putz 1983), post-slash-and-burn 
agriculture (Quintana-Ascencio et al. 1996; Young et al. 1987b; Uhl 1987; Ewel et al. 
1981; Uhl et al. 1981), pasture and meadow successions (Hopkins and Graham 1984; Uhl 
et al. 1982), and clear felling for timber or abandoned mining (Saulei and Swaine 1988; 
Swaine and Hall 1983).  
 
Many abandoned lands potentially regrow into secondary forests aided by forest seed 
sources (Holl et al. 2000). Such lands have shown that colonisation by native species is 
strongly driven by seed sources and microsite suitability (Verdu and Garcia-Fayos 1996). 
In the Neo-tropics, post-agricultural land abandonment has been studied extensively and 
many have highlighted that understanding site-specific ecological process is essential for 
conservation and management (Costa et al. 2012; Jamoneau et al. 2012; Cramer and 
Hobbs 2007; Holl et al. 2000; Aide and Cavelier 1994; Neptstad et al. 1991). In the old 
world tropics, regeneration of abandoned Sri Lankan tea plantations showed that there is 
a constraint for native seeds to reach these areas and emphasised the need for an active 
restoration to speed up native species colonisation (Gunaratne et al. 2010, 2011). Sudden 
abandonment of land after years of agricultural activity can often facilitate proliferation 
of invasive species and suppress native species regeneration (Ticktin et al. 2012; 
Sundaram and Hiremath 2012; Raman et al. 2009). 
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Abandoned areas vary in structure and function depending on the types of former land 
use. These can vary from tall and dense tree plantations to shrubs and pastures lands. Tea 
plantations which are in between clear pastures and degraded forests, offer dense short 
canopy that precludes any light from reaching the ground. This can affect regeneration of 
native species and offers opportunities for understanding succession processes in such 
intermediate habitats (Chetana and Ganesh 2012; Gunaratne et al. 2010). There is also 
urgency towards understanding the native species regeneration in such exotic abandoned 
plantations, since large-scale abandonment can happen especially inside PAs and one 
should have prior understanding of the ecological consequences (see Chapter 1).    
 
This chapter broadly describes the demographic profile of the vegetation and estimates 
seedling mortality within a 17-year-old abandoned tea plantation and its surrounding 
forest. More specifically it asks   
(1). How does diversity, density and composition of native plant species vary between 
plantations and forests?  
(2). How does proximity to forests, successional groups, invasive species density and 
environmental factors relate to plant composition in the plantations? 
(3). What factors influence the mortality rates of woody seedlings in plantations and 
forests? 
Methods 
 
Study area 
 
The study was conducted in two tea plantations that have been abandoned since the last 
17 years in Chinnamanjolai (CHM) and Netterikal (NTK) at two different elevations (see 
Chapter 2, Study area).  
 
Research design 
 
Species richness and stem-density of woody plants and seedlings 
The diversity and density of vegetation was determined using 10 × 10-m plots laid along 
a transect extending from the forest into the tea plantations (Figure 2.1a, b). The plots 
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were established at specific distances: FI and FE were plots laid in the forest at 100 m 
and 50 m away from the forest–tea edge. T25, T60 and T95 were plots laid in the tea 
plantations at 25 m, 60 m and 95 m from the forest–tea edge. Five such transects were 
laid in each plantation. In each plot, all woody plants >1 cm of diameter at breast height 
(DBH) were enumerated. Within each plot, five 1 × 1-m sub-plots were laid at the four 
corners and one at the center of the plot to assess seedlings ≤1 cm girth measured above 
ground base of the stem using digital vernier callipers, and 50 cm height (using cm tape) 
that were considered as woody seedlings (Figure 2.1c).  
 
Seedling mortality 
In each transect, 1 × 1-m seedling (i.e., ≤1 cm girth and 50 cm height) sub-plots were 
permanently marked within each plot. All seedlings were tagged with small aluminium 
tags. The seedlings were monitored and seedling mortality was calculated for each season 
(Figure 2.1a, b). Seedlings were identified to the species level (Gamble and Fischer 1915-
1935), and where not possible, similar seedlings were collected from outside the plot and 
preserved for later identification. Voucher material was deposited at the ATREE 
Herbarium in Bangalore, India. 
 
The initial setup and inventory of plots were done in February 2008. Monitoring was 
repeated six times, with a mean interval of 107 days ± 33 (SD) days. Presence and 
absence (death) of all seedlings was noted during resurveys. Six censuses were conducted 
and the final census was performed in October 2009. 
 
Environmental factors 
 
Soil physical parameters 
The physical parameters recorded during each season are listed below. In each plot, four 
readings were taken from the four 1 × 1-m subplots at each corner of the plot (Figure 
2.1b). 
 
 
68 
 
Soil moisture  
Soil moisture was recorded from the topsoil to a depth of 10 cm of the soil, using a soil 
probe (Kelway Soil pH and Moisture Meter Forestry Supplier Co. Ltd.).  
 
Soil temperature  
Top soil temperature was measured using a soil thermometer probe, which penetrated 
into 10 cm of the topsoil (recorded in oC). 
 
Soil penetration  
Soil hardness was measured using Pocket Penetrometer equipment (Supplier Forestry 
Supplier Co. Ltd.). The reading ranged from 1 cm to 5 cm, 1 indicates high compactness 
and 5 least.  
 
Ground light assessment 
The incident light was recorded using a Lux meter (model LIGHT-101, manufactured by 
Zeigen). The measurement ranged from 1x, 10x, and 100x Lux units (0–50000 Lux). 
 
Soil chemical properties 
Soil samples were collected once during April–May 2009 for estimating soil chemical 
properties. Soil was collected from both plantations and forests at CHM and NTK. At 
each location, representative samples were collected from 4 corners of the plot using 
implements such as spade, pickaxe and crow bar. Before taking soil samples, surface 
litter including dried leaves were removed. The samples were collected from a depth of 
0–60 cm by digging ‘V’ shaped pits of 30 cm depth and a slice of soil was taken from 
both the sides. For each plot, one composite sample was prepared by properly mixing the 
soils from five 1 × 1-m subplots using the quartering technique. These composite samples 
were labelled and transported to the laboratory for further analyses. The collected soil 
samples were air-dried in the shade and powdered with the help of wooden mortar and 
pestle. The powdered samples were then sieved (2 mm sieve) and stored in polythene 
bottles to carry out further investigations.  
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The processed soil samples were analysed for various chemical properties such as soil 
pH, organic carbon (OC), available nitrogen (N), phosphorous (P), potassium (K), 
calcium (Ca), magnesium (Mg) and sulphur (S). All the soil chemical properties were 
analysed in the soil laboratory at Zuari Labs, Bangalore, and Krishi Vignana Kendra 
(KVK), Kodagu and further OC and N were estimated at National Bureau of Soil Survey 
and Land Use Planning (NBSS & LUP), Bangalore, by the following standard 
procedures. The detailed standard procedures followed for analyses are outlined in Table 
3.1. The obtained data for each of the parameters were used to calculate the mean and 
standard deviation to assess the variation in the nutrient status across the plantations and 
forests.  
 
Table 3.1. Standard procedures and instruments used for soil analysis. 
 
Sl. No. Parameter Procedure Instrument used Reference 
1 pH 
Potentiometric 
method (1:2 soil – 
water suspension) 
Elico LI-120 digital 
pH meter 
(Jackson 1973) 
2 
Organic carbon 
(OC) 
Chromic acid wet 
digestion method 
(Walkley and 
Black method) 
- 
(Jackson 1973; 
Walkley and 
Black 1934) 
 
3 Available N 
Alkaline 
permanganate 
method 
Kel plus – KES 
6L Auto distillation 
unit 
(Subbaiah and 
Asija 1956) 
4 Available P 
Brays’s method 
(pH < 6.5) 
Olsen’s method 
(pH > 6.5) 
Systronics – 169 
Spectrophotometer 
(Jackson 1973) 
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5 Available K 
Neutral 
ammonium 
acetate extraction 
method (Flame 
photometry 
method) 
Elico-CL 378 Flame 
Photometer 
(Jackson 1973; 
Stanford and 
English 1949) 
6 
Available Fe, Cu, 
Mn, Zn  
Neutral 
ammonium 
acetate extraction 
method 
Atomic absorption 
spectrophotometer 
(Jackson 1973) 
 
Data analysis 
 
Species richness refers to the total number of species recorded in each plot or subplot and 
stem-density refers to the total stems recorded in each plot or sub-plots (Magurran 2004). 
Mean and standard error (x ̄ ± se) of species richness (per sub-plot) and density (per sub-
plot) was calculated. 
 
Mean species richness , mean density , diversity and evenness was used to compare 
plantations and forests unless mentioned otherwise. The wood plants was analyased per  
10 × 10-m2 plot level and Woody seedlings at per 1 × 1-m2 sub-plot all through the 
chapter. Similarities in the community composition across plantations (i.e., CHM and 
NTK) were examined using the grouped average link Bray–Curtis similarity index 
clustering (van Tongeren 1987). A similarity of 0 % means nothing is common and 100 
% means all species are common to both the sites. 
 
The community composition for woody plant and seedlings was compared between forest 
and plantations at CHM and NTK using permutational multivariate-ANOVA 
(PERMANOVA). This test is ideal in situations where the datasets represent multiple 
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response (i.e., species) and multiple objects (i.e., transect observations) (Anderson 2001a, 
b). Moreover, PERMANOVA can handle large multiple species datasets containing more 
species than replicates with the matrix having numerous zeros (McArdle and Anderson 
2001). For this analysis, the species composition matrix was standardised by row totals, 
and Bray–Curtis distance measure was used as the basis with 9999 permutations. 
Pairwise comparisons based on Monte-Carlo (MC) randomisation with 4999 
permutations were performed to test for differences among the plantation types.  
 
Since woody plants (> 1 cm DBH) and woody seedlings (≤ 1 cm girth and 50 cm height) 
were collected from equal numbers of plots in five distance classes within a plantation, 
we tested the cumulative species richness by using the ‘rich’ package in R (Rossi 2011), 
in order to estimate species richness of plots (10 × 10-m) and sub-plots(1 × 1-m) of 
woody species among distance classes within each plantation. At each distance (FI, FE, 
T25, T60, T95) mean species richness and stem-density, Shannon diversity index (H′) 
and Evenness index (E) were calculated.  
 
The woody plants successional groups were classification into early-succession, late 
successions, invasive and non-invasive (Gamble and Fischer 1915–1935). Further, under 
each classification group were represented in the per hectare. The stem-density were 
tested by non-parametric Kruskal–Wallis ANOVA to determine the distance effects (Zar 
1999). 
 
Multiple regression models were used to examine factors that potentially affect the 
succession of woody plants and woody seedling at each plantations and its surrounding 
forest. Total woody plants and woody seedlings of each plantations distances and forest 
considered at each transect level. The species richness was derived from per plot 
cumulative species richness of woody plants and woody seedlings respectively. The 
stem-density was considered for each plot by recording the total number of stems within 
the woody plants and woody seedlings. The predictor environmental variables of 
chemical parameters (except micronutrients), pH, OC, N, P, K and physical parameters of 
soil moisture (%), soil temperature (oC), soil hardness by penetration ranges (1 to 5), and 
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ground light intensity (lux) were recorded. Pearson correlation matrix was used to 
remove highly correlated (p < 0.001) variables and to test for multicollinearity. The 
potential predictor variables ensured that variables with significant correlations were not 
used together as predictors in the same model. The best model that described the 
observed data was selected based on ‘glmulti’ package (Calcagno 2012; Calcagno and de 
Mazancourt 2010), on the lowest Akaike information criterion with correlation of finite 
sample sizes (AICC) value, and summed AICC weights were used to assess the role of 
individual predictors (Burnham and Anderson 1998).  
 
The vegetation composition (Woody plants and Woody seedlings) was Hellinger-
transformed to suppress its non-linearity (Legendre and Gallagher 2001). Further, the 
vegetation compositions were plotted with the help of un-constrained scaling method-1, 
by detrended correspondence analysis (DCA), (‘vegan’ R package) (Oksanen et al. 
2011). The DCA plots reveals that the distribution showed not more than two clusters, 
which is the criteria suggested for redundancy analysis (RDA) by Legendre and Legendre 
(1998). Further, the vegetation composition was tested with environmental variables in 
order to obtain a display of the soil-property and vegetation composition relationships. 
RDA was conducted using explanatory variables of soil chemical property (N, P, K, OC 
and pH) and physical properties (soil moisture, soil penetration, soil temperature and 
ground incident light) along with dependent vegetation composition variables. To prevent 
the problem of inflation of the overall type I error, a global test using all explanatory 
variables was first run (the initial explanatory variable was selected based on the 
multicollinearity criteria). If, and only if, the first run of the global test is significant, the 
forward selection is performed. To reduce the risk of incorporating too many variables 
into the model, the adjusted coefficient of multiple determination R2-adjusted to the 
global model (containing all the potential explanatory variables) is computed, and used as 
a second stopping criterion. Forward selection is stopped if one of the following criteria 
is reached: the traditional significance level or the global R2-adjusted; in other words, if a 
candidate variable is deemed non-significant, explanatory variables were removed from 
the global model; while using ‘packfar’ R packages (Dray et al. 2011). Further, tests 
were conducted for forward selection of significant explanatory variables to simplify the 
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environmental variables. The best significant explanatory variables were tested on 
community compositions using RDA ordinations.  
 
Seasonal seedling mortality was calculated following Hall et al. (1998) and Phillips 
(1998) by modifying ‘year’ to ‘season’. Seasonal seedling mortality (%) M = Ln[(N0–
Nd)/N0]/ t × 100, where N0 is initial number of seedlings, and Nd is number of dead 
seedlings in ‘t’ seasonal months.  
 
All the analyses were done using free statistical software R 2.12.1 (R Development Core 
Team 2011) using packages of ‘vegan’, ‘BiodiversityR’, ‘Rich, ‘glmulti’ and ‘packfar’ 
except community composition analysis which was done using PERMANOVA 
(Anderson 2001a, b). 
 
Results 
 
Floristic richness and diversity in abandoned plantations and forests 
 
Woody plants 
The total woody plant species recorded in the forest–tea matrix was 117. Forests 
accounted for 87% (102/117) and plantations 56% (65/117) of the total species. About 
13% (15/117) of the species were found only in the plantations, this included exotic 
species and some native species not found in the forest; and 44% (52/117) found only in 
the forest (Appendix 3.1).  At the plantation level, in CHM, 88 species were recorded in 
the tea-forest matrix, of these, 83% (73/88) were seen in the forest, 51% (45/88) in 
plantations, 17% (15/88) only in the plantations and 49 % (43/88) only in the forest. 
Overall 15% (13/88) of the total species could not be identified to the species level. 
Similarly at NTK, 64 woody plants species were recorded in the tea-forest matrix, of 
which 88% (56/64) were seen in the forest, 48% (31/64) in plantations, 13% (8/64) only 
in the plantations and 52 % (33/64) only in the forest, Overall 5% (3/64)  of the total 
species could not be identified (Appendix 3.1).  
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Woody seedlings 
The total number of woody seedlings recorded in the forest–tea matrix was 100 species. 
Forests accounted for 77% (77/100), plantations 53% (53/100), only in plantations 23% 
(23/100) (mostly herbs), and only in forest 47% (47/105) (Appendix 3.1).  At the 
plantation level, of the 71 species at CHM, 75% (53/71) were seen in forest, 51% (36/71) 
in the plantations, 25% (18/71) only in plantations and 50% (35/71) only in the forest. 
Overall 51% (36/71) of the total species was not identified. Similarly at NTK, of the 56 
species of woody seedlings, 79% (44/56) were seen in the forest, 59% (33/56) in the 
plantations, 21% (12/56) only in the plantations and 41% (23/56) only in the forest. 
Overall 29% (16/56) of the total species was not identified (Appendix 3.1).   
 
Table 3.2. Mean species richness, stem density, diversity and evenness of vegetation in the 
plantations and forests at CHM and NTK.  
 
Cumulative
species
Species 
richness
(m-2)
Stem density
mean ± se
(ha-1)
Shannon
 (H' )
Evenness
 (E )
Cumulative
species
Species 
richness
(m-2)
Stem density
mean ± se
(m-2)
Shannon
 (H' )
Evenness
 (E )
Forest 73 0.18 ± 0.01 4240 ± 0290 3.67 0.538 53 2.62 ± 0.27 3.74 ± 0.38 3.31 0.518
Tea 45 0.11 ± 0.01 3527 ± 0335 2.46 0.262 36 1.52 ± 0.13 1.98 ± 0.20 3.10 0.613
Forest 56 0.16 ± 0.2 4070 ± 0596 3.48 0.583 44 2.46 ± 0.26 4.84 ± 0.89 2.69 0.336
Tea 31 0.09 ± 0.00 6807 ± 1170 1.76 0.187 33 1.92 ± 1.83 2.92 ± 0.37 2.76 0.477
Plantation/
gradients
CHM
NTK
Woody plants Woody seedlings
 
 
 
The species richness of woody plants and seedlings in the plantations was lower than in 
forest at both CHM and NTK (Table 3.2). Stem density of woody plants in plantations 
was however comparable with forests and was in fact more and highly variable in NTK. 
In case of woody seedlings, density was lower in plantations than forest. The diversity 
and evenness index was higher in forest for woody plants, but for woody seedlings, it was 
comparable (Table 3.2)  
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Forest proximity and species diversity 
Woody plants 
Species richness of woody plants decreased linearly from forest to the interior of the 
plantations at CHM (Kruskal–Wallis; χ2 = 15.1284, df = 3, p =0 0.001) and at NTK 
(Kruskal–Wallis; χ2 = 14.4348, df = 3, p = 0.002). A cumulative species richness test for 
woody plants also showed significant differences in species richness between forest and 
different distance from the forests at T25, T60 and T95 m at CHM and NTK (Table 3.4).  
Density of woody plants significant decreased from forest to the interior of the 
plantations at CHM (Kruskal–Wallis; χ2 = 11.972, df = 3, p = 0.007), but not so at NTK 
(Kruskal–Wallis; χ2 = 4.4873, df = 3, p = 0.21;Table 3.3).   
 
Woody seedlings 
Species richness of woody seedlings also declined significantly with distance at CHM 
(Kruskal–Wallis; χ2 = 13.637, df = 3, p = 0.003) and at NTK (Kruskal–Wallis; χ2 = 
10.810, df = 3, p = 0.01, Table 3.3). Cumulative test for woody seedlings also indicated a 
significant difference in species richness between forests and plantations in both CHM 
and NTK (Table 3.4).  
 
Density of woody seedling also significantly declined with distance both at CHM 
(Kruskal–Wallis; χ2 = 13.531, df = 3, p = 0.003) and NTK (Kruskal–Wallis; χ2 = 9.933, df 
= 3, p = 0.01; Table 3.3).   
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Table 3.3. Mean species richness, stem density, diversity and evenness of woody plants and 
seedlings in plantations at various distances from the forest.  
 
Cumulative
species
Species 
richness
(m -2)
Stem density
mean ± se
(ha-1)
Shannon
 (H')
Evenness
 (E)
Cumulative
species
Species 
richness
(m -2)
Stem density
mean ± se
(m-2)
Shannon
 (H')
Evenness
 (E)
  FI 57 0.20 ± 0.20 4340 ± 589 3.52 0.590 28 2.24 ± 0.33 4.00 ± 0.61 2.61 0.488
  FE 51 0.18 ± 0.00 4140 ± 163 3.47 0.631 41 3.00 ± 0.41 3.48 ± 0.45 3.46 0.779
  T25 39 0.16 ± 0.12 4260 ± 594 2.87 0.452 24 2.04 ± 0.28 2.80 ± 0.45 2.84 0.713
  T60 27 0.11 ± 0.02 2720 ± 634 2.74 0.574 17 1.32 ± 0.18 1.68 ± 0.23 2.56 0.76
  T95 12 0.07 ± 0.01 3600 ± 356 1.07 0.243 18 1.20 ± 0.18 1.48 ± 0.25 2.69 0.818
  FI 43 0.06 ± 0.30 3740 ± 0780 3.22 0.583 24 1.72 ± 0.27 2.16 ± 0.35 2.67 0.604
  FE 46 0.17 ± 0.02 4400 ± 0966 3.40 0.655 36 3.20 ± 0.40 7.52 ± 1.58 2.43 0.316
  T25 26 0.10 ± 0.02 7780 ± 1717 1.63 0.197 21 2.72 ± 0.34 4.28 ± 0.73 2.40 0.526
  T60 16 0.09 ± 0.00 8440 ± 2919 1.50 0.281 17 1.36 ± 0.30 2.32 ± 0.68 2.45 0.681
  T95 15 0.06 ± 0.00 4200 ± 0559 1.90 0.446 16 1.68 ± 0.23 2.16 ± 0.39 2.34 0.652
Plantations/
Distance
CHM
NTK
Woody plants Woody seedlings
 
 
 
Overall, species richness and species diversity of woody plants and woody seedlings was 
higher in forest plots and closer to the forest than within the tea plantations. This was not 
true for stem density which though declined showed high variability with distance. 
Evenness index was higher towards interior plantation at 60 m and 95 m in the two 
plantations, which showed how species compositions are similar further away from the 
forest, which is tested further in the next section.  
 
Table 3.4. Comparisons of differences in cumulative species richness between various distance 
intervals at 95% confidence level using ‘rich’ (R package). The values indicate differences in 
species, * p <0 05, ** p < 0 001, ns – not significance, FI – forest interior, FE – forest edge, T25 = 
25 m inside the plantation from the forest, T60 = 60 m inside plantation from the forest and 
T95 = 95 m inside plantation from the forest, WP = Woody plants, WS = Woody seedlings.  
 
Distance intervals (m) 
 CHM   NTK 
 WP WS 
 
WP WS 
     F – T25  34 *   29 ns 
 
30 ** 23 ns 
     F – T60  46 **   36 ** 
 
40 ** 27 * 
     F – T95  61 **   35 * 
 
41 ** 28 * 
     T25 – T60  12 ns   07 ns 
 
10 ns 04 ns 
     T25 – T95  27 **   06 ns 
 
11 ns 05 ns 
     T60 – T95  15 ** –01 ns   01 ns 01 ns 
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Species composition  
 
The species composition of woody plants in the two plantations and adjacent forests (i.e., 
CHM and NTK) showed distinct natural grouping (Figure 3.1). The species composition 
of CHM and NTK was 25% similar for plantations, 29% for forest. Whereas composition 
of forests and plantations was 26% similar in CHM and only 13% in NTK.  
 
Similarly, species compositions of woody seedlings in the two plantations and adjacent 
forests (CHM and NTK) showed distinct natural groupings (Bray–Curtis ) (Figure 3.1). 
The species composition between CHM and NTK plantations was 28% similar and 
between forests 34% similar. Species composition between forests and plantations was 
27% similar at CHM and 46% at NTK. 
 
Further, non-parametric MANOVA indicates the difference in species composition across 
the two plantations was also significant for woody plants (F = 8.925, df = 1, p(MC) = 
0.0002), and woody seedlings (F = 3.1576, df = 1, p(MC) = 0.004).   
Woody plants Woody seedlings
 
Figure 3.1. Dendrogram of woody plants and seedlings at NTK and CHM. Cluster distances 
were calculated using the Bray–Curtis similarity index (grouped average link) for the species 
composition. Woody plants (DBH > 1 cm) and Woody seedlings (girth ≤ 1 cm); F = forest; T = 
Tea plantation.  
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Forest proximity and Species compositions 
Woody plants 
The woody species in the plantation at CHM was (25%) similar to forest at T25, (23%) at 
T60 and only (8%) at T95 (Figure 3.2). However, within the plantation, T25–T60 was 
about (65%) similar and T60–T95 about (46%) similar. Further, community composition 
test using the non-parametric multivariate analysis of variance (MANOVA) indicates that 
woody plants across distance showed significant turnover in species composition (F = 
4.620, df = 4, p(MC) = 0.0001). At NTK, plantations closer to the forest showed higher 
similarity (18%) than at T60 (12%) and T95 (9%). Whereas within the plantation, T25–
T60 and T60–T95 were 60–70% similar. The non-parametric MANOVA also indicates 
that woody plant compositions showed significant turnover across distances (F = 4.026, 
df = 4, p(MC) = 0 0001). Woody plant compositions in plantations are dissimilar to the 
forests and plantations plots closer to the forest, resemble forests (Figure 3.2). 
 
Woody seedlings  
At CHM, woody seedlings showed highest similarity with forest at T25 (22%), and 
decreased thereafter T60 (13%) and T95 (10%). Interior plantations plots were highly 
similar T60–T95 (68%) than T25–T60 (41%) (Figure 3.2). The non-parametric 
MANOVA indicated that the species turnover was significant across the distance 
intervals (F = 1.495, df = 4, p(MC) = 0.04), further pairwise test between the distances 
showed significant differences only between FI–T25 and all other distances did not show 
any significant change in species compositions. At NTK, seedlings showed highest 
similarity with forest at T25 (40%) and declined thereafter T60 (21%) and T95 (13%). 
Within the plantation, interior plots showed about 44% similarity T60–T95 and T25–T60 
(Figure 3.2). But the species turnover across forest and plantation distances was not 
significant (F = 1.115, df = 4, p(MC) = 0.29).  
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Figure 3.2. Dendrogram of woody plants and seedlings in Chinnamanjolai (a) and Netterikal(b) 
at different distances from the forest. Cluster distances were calculated with the Bray–Curtis 
similarity index (grouped average link) for species and stem-density.  F = Forest (FI and FE ), 
T25 = 25 m, T60 = 60 m and T95 = 95 m are distances from forest edge.  
 
 
Successional groups 
 
Late-successional species  
Common late-successional species at CHM forest were Artocarpus heterophyllus, 
Erythroxylum moonii, Ormosia travancorica and Myristica beddomei. At NTK forest, it 
was Cullenia exarillata, Aglaia bourdillonii, Cinnamomum malabatrum, Eugenia 
thwaitesii, Calophyllum austroindicum, Scolopia crenata and Phoebe lanceolata (Figure 
3.3; Appendix 3.1). Late-successional species were confined to the forest (FI and FE) and 
only a shrub species Psychotria sp, was recorded at 25 m and 60 m from the forest at 
both the plantations. 
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Early-successional species 
The early-successional species were common within the plantations and along forest 
edges. In CHM, common early-successional species within the forest were Gordonia 
obtusa, Viburnum punctatum, Ligustrum perrottetii and Syzigium cumuni and in the 
plantation, it was Pittosporum tetraspermum, Osyris arborea, Gordonia obtusa, 
Viburnum punctatum, and L. perrottetii. At NTK, common early-succession species in 
the forests were Tricalysia apiocarpa, Acronychia pedunculata, and Clerodendrum 
cordatum, whereas within the plantations, it was Maesa indica, V. punctatum, Litsea 
wightiana, Rapanea wightiana and C. cordatum. The density of early-successional 
species was higher in the forest and declined significantly away from it at CHM 
(Kruskal–Wallis; χ2 = 15.300, df = 3, p = 0.001), but not so in NTK (Kruskal–Wallis; χ2 = 
3.144, df = 3, p = 0.36). Only few species were abundant both in forest and plantations. 
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Figure 3.3. Mean stem density (± se) at various distances from the forest to the plantations. 
CHM = Chinnamanjolai; NTK = Netterikal; FI = forest interior and FE = Forest–tea-edge, T25 = 
25 m, T60 = 60 m and T95 = 95 m are distances from forest edge.   
 
Exotic species 
Invasive species 
The invasive Lantana camara (henceforth lantana) and Psidium guajava had overgrown 
in CHM plantation and accounted for about 38% of the total stem density of woody 
plants compared to only 5% in NTK. Stem-density of invasive species increased 
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significantly away from forest at CHM (Kruskal–Wallis; χ2 = 15.29, df = 3, p = 0.001), 
but not in NTK (Kruskal–Wallis; χ2 = 5.046, df = 3, p = 0.16) (Figure 3.4). Lantana 
seems to proliferate only in the lower elevation plantation and not so much in the higher 
elevations. It also appears that lantana seems to exclude non-invasive species in CHM, 
especially when moving away from the forest edge. 
 
Non-invasive species 
The non-invasive exotic species considered here are tea (Camellia sinensis), Grevillea 
robusta, and Citrus sinensis and Citrus limon (Appendix 3.1). In the CHM plantation, the 
non-invasive species were stunted and invasive species had taken over the plantation. In 
NTK, tea itself had taken over about 50% of the total stems within the plantation, and 
only few invasive species were encountered (Figure 3.4). 
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Figure 3.4. Mean stem density (±se) of invasive and non-invasive species at various distances 
from the forest to the plantations. CHM = Chinnamanjolai; NTK = Netterikal; FI = forest 
interior and FE = Forest–tea-edge, T25 = 25m, T60 = 60 m and T95 = 95 m are distances from 
forest edge.   
 
Native and exotic stem-density  
At CHM, adult invasive plant density is negatively related to native species richness and 
stem-density of native plants (Figure 3.5). In NTK, native species richness and density 
showed only a weak negative relationship with exotic species density. 
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Figure 3.5. (a) Relationship between exotic  and native species  at CHM, (Species richness  = -
0.341(exotic density)  + 15.948 ; and Stem-density  = -0.8658(exotic density) + 34.081); and 
NTK (Species richness  = –0.0028 (exotic density) + 5.9764; and  Stem density  = –0.0571 (exotic 
density) + 25.812).  
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Species richness and stem-density of native woody seedlings at CHM and NTK 
plantations did not show any significant relationship with adult invasive species richness 
(Figure 3.6).   
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Figure 3.6. (a) Relationship between exotic (adult) and native species seedlings at CHM. 
(Species richness = –0.4671(exotic density) + 118.04; and Seedling stem-density = 0.6631 
(exotic density) + 189.83) and NTK (woody seedling species richness = -0.2974 (exotic density) 
+ 115.39; and stem-density = –1.0323 (exotic density) + 279.61).  
 
Environmental factors 
Physical factors 
Physical factors such as soil moisture (%), soil penetration, soil temperature and ground 
incidence of sunlight measured over six seasons showed significant difference across 
forests and plantations (Table 3.5), indicating a change in microclimatic conditions from 
forests to tea plantations and pH and EC also showed significantly different between the 
forest and plantations.  
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Table 3.5. Physical parameters measured in the plantations and forests during six seasonal 
samples. (t-Test: two-sampled, assuming unequal variances); * p <0.05; ** p <0.0001.  
 
 
Soil parameters 
Forest 
 
Tea plantation t-test (2 -tailed), 
n = 50 Mean se   Mean se 
              
pH 05.42 0.15   05.83 0.11 -2.22 * 
EC 00.46 0.15   00.06 0.00  2.67 * 
Soil moisture (%) 32.87 2.31   18.89 1.50  5.06 *** 
Soil temperature (oC) 20.16 0.42   22.66 0.49 -3.88 *** 
Soil penetration (kg/cm2) 02.61 0.10   01.86 0.08  5.62 *** 
Ground light (Lux) 599.0 100.0   5043 971 -4.55 *** 
              
 
Soil chemical factors 
An unequal variance, two-sampled t-test conducted on soil chemical properties at CHM 
revealed that OC, macronutrients (N, P, K) and micronutrients (Fe and Zn), showed 
significance differences across the plantation and forest (Table 3.6); whereas  
micronutrients, Cu and Mn, did not show significant change. This shows that there is 
very significant change in macronutrients and OC from forest to plantations, which 
indicates less fertile soil in the plantations than forests. However, at higher elevation of 
NTK, OC, N and Fe showed significant difference across the plantation and forest, while 
other soil micro and macronutrients did not show differences (P, K, Zn, Cu and Mn). 
Overall, CHM was poorer in soil micro and macronutrients than NTK (Table 3.6).  
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Table 3.6. Chemical parameters of soil at CHM and NTK and its surrounding forests (t-Test: 
Two-sampled assuming unequal variances; ( * P < 0.05, ** P < 0.01; *** P < 0.001).  
 
Soil  
parameter (ppm) 
Forest Plantation t. test
 (2-tailed)  
n = 25 Mean  se Mean se 
CHM 
Organic carbon (OC)  01.73 0.15 03.03 0.12   6.55 *** 
Nitrogen (N) 232.6 2.80 215.13 2.44  -4.68 *** 
Phosphorus (P) 07.69 0.74 05.08 0.18  -3.38 ** 
Potash (K) 19.85 1.10 17.14 0.61  -2.13 * 
Zinc (Zn) 01.29 0.23 02.13 0.11   3.28 ** 
Copper (Cu) 04.68 0.28 04.30 0.56  -0.60 ns 
Iron (Fe) 43.03 3.00 13.05 1.95  -8.35 *** 
Magnesium (Mn) 37.55 6.78 32.62 1.95  -0.69 ns 
NTK 
Organic carbon (OC) 04.42 0.17 02.79 0.11   -7.79 *** 
Nitrogen (N) 250.6 7.78 231.6 1.77   -2.38 * 
Phosphorus (P) 10.10 1.10 09.38 2.77   -0.24 ns 
Potash (K) 12.49 1.66 18.37 2.66    1.86 ns 
Zinc (Zn) 02.09 0.37 02.09 0.28    0.002 ns 
Copper (Cu) 05.59 0.43 05.46 0.50   -0.19 ns 
Iron (Fe) 22.65 5.50 54.35 7.83    3.30 *** 
Magnesium (Mn) 38.68 4.19 40.04 4.16    0.22 ns 
 
Community structure and environmental factors 
Woody plants  
Species richness at CHM was best predicted by soil penetration and pH (Table 3.7) which 
explained 55% (multiple R2 values) of the variations. Stem density was best predicted by 
pH (Table 3.8), which explained only about 20% of the total variations.  
 
Further, when adjusted-R2 was used for forward selection of RDA model; the following 
explanatory variables, organic carbon (OC) 23%, Phosphorus (P) (8%), and soil 
penetration (6%) were significant at 95% level. The 9999 times permutation test for 
constrained correspondence analysis using ANOVA reveals that reduced RDA best fit is  
significantly related to explanatory variables (F = 4.111, df = 3, p = 0.005). Further, 
assessment of species composition with significant environmental driving factors, by 
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testing RDA ordination, showed that the RDA1 and RDA2 axes explained 37% of the 
variability. The biplot RDA scaling method-1 reveals that environmental explanatory 
variables of soil penetration, OC and P, positively correlated with forest plots and 
negatively correlated with plantation distances (i.e, 25, 60 and 95 m). The soil penetration 
positively correlated with Gordonia obtusa, Eugenia thwaitesii, and Tarenna asiatica and 
OC positively correlated with Psychotria sp., and Syzygium cumini. Phosphorous had the 
strongest influence on Viburnum punctatum, Cinnamomum keralaense, Nothopegia sp., 
Mallotus philippensis and Scolopia crenata which are in higher density in the forest 
(Figure 3.7).  
 
Overall RDA shows that community compositions in CHM are distinctly separated into 
forests and plantations by soil penetration, Organic carbon (OC) and Phosphorus (P), 
which are positively correlated with forest plots. Whereas in plantation distances plots 
(T11….T15, T21…T25, and T31.. so on) showed that all the above three factors were 
negatively correlated with higher density of species in the plantations. (Figure 3.7).  
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Table 3.7. The best three multiple linear regression models for species richness and stem-density of woody plants at CHM and NTK, based on 
AICc and model weightages. The models indicated in bold letters are the best models. K = Potassium, P= Phosphorous. 
 
 
Table 3.8. The best three multiple linear regression models for species richness and stem-density of woody seedlings at CHM and NTK, based 
on AICc and model weightages. The models indicated in bold letters are the best models. P = Phosphorous,  N = Nitrogen and OC = Organic 
carbon. 
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Figure 3.7. Biplots of woody plants at CHM based on redundancy analysis (RDA). Arrows 
represent the directions of maximum variation of environmental variables. soil.pent = Soil 
penetration; p = Phosphorous; oc = organic carbon. Scatter includes plots staring with F and T 
and species are indicated by codes (see Appendix 3.1).  
 
Species richness at higher elevation NTK was predicted by soil penetration and 
phosphorous (P) (Table 3.8) and explained 57% (multiple R2 values) of the total 
variations. Stem-density was the best predicted by K and the model explained about 21% 
of the total variations.  
 
Further, when adjusted-R2 was used for forward selection of RDA model, the following 
explanatory variables, soil penetration (31%) and soil moisture (6%) were significant at 
95% level. The 9999-times permutation test for constrained correspondence analysis 
(using ANOVA) showed that reduced RDA best fit model is significantly related to the 
explanatory variables (F = 6.572, df = 2, p = 0.005). Further, assessment of the species 
composition with significant environmental variables, by testing the RDA ordination, 
showed that RDA1 and RDA2 axes explained 37% of the variability. The biplot RDA 
scaling method-1 reveals that environmental explanatory variable soil moisture and soil 
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penetration are positively correlated with forest plots and negatively correlated with 
plantation plots. The soil moisture was positively correlated with higher density of 
Acronychia pedunculata, Olea dioica and Calophyllum austroindicum. The soil 
penetration was positively correlated with higher density of Cinnamomum malabathrum, 
Aglaia bourdillonii and Eugenia thwaitesii (Figure 3.8, Appendix 3.1).  
 
Overall RDA indicates that community compositions in NTK are separated from forests 
and plantations by factors such as soil moisture and soil penetration (Figure 3.8).  
 
Figure 3.8. Biplots of woody plants at NTK  based on redundancy analysis (RDA). Arrows 
represent the directions of maximum variation of environmental variables. soil.pent = Soil 
penetration; soil.moist = soil moisture. Scatter includes plots starting with F and T and species 
are indicated by codes (see Appendix 3.1).  
 
Woody seedlings  
Species richness at CHM was best predicted by phosphorous (P) and organic carbon 
(OC) and explained 40% (multiple-R2 values) of the variations. Similarly, stem-density 
was also predicted by P and OC and explained 47% of the variations. However, when 
adjusted-R2 was used for forward selection of RDA model it explains only 8% of the 
variations.  
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Species richness at NTK was best predicted by pH and the model explained 17% of the 
total variations. Similarly, stem-density was best predicted by pH and explained 20% of 
the total variations. Further, when adjusted-R2 was used for forward selection of RDA 
model, it explains only 28% of the variability from soil penetrations. Overall RDA of 
woody seedlings very poorly explained total variability. It is assumed that there may be 
other unaccounted environmental factors, which are the drivers for structuring the 
seedling community within the plantation.  
 
Woody seedling mortality 
 
A total of 116 woody species (height ≤ 50 cm and ≥ 1 cm) and 395 individuals were 
monitored in the 50 subplots (10 transects). This included 96 (183 individuals) species in 
forests and 48 (212) species in plantations. In CHM, a total of 52 species (115) were 
monitored; of these, 28 (57) were from the forests and 28 (58) from the plantations. The  
species monitored in the forest were Psychotria sp., Cinnamomum malabatrum, 
Ligustrum perrottetii and Pittosporum tetraspermum, and within the plantations, 
Viburnum punctatum, Dodonaea viscosa, Gordonia obtusa, and non-native Psidium 
guajava and invasive lantana. In NTK, 102 species (280) were monitored; of these 83 
(126) were from the forest and 33 (154) from the plantation. Species monitored within 
the forest were Litsea wightiana, Diospyros sp., Syzygium sp., Psychotria sp. and within 
the plantation were C. sinensis , V. punctatum, L. wightiana and Syzygium sp. 
 
Seedling mortality was higher during the dry period (January–May) in both 2008 and 
2009 in the forest and plantations. The peak in mortality occurred in 2009 in both the 
plantations. In CHM, mortality was about 62% in the plantation and 53% in the forest. In 
NTK, it was about 38% in the plantation and 53% in the forests. Though mortality of 
seedlings in the plantations was more in CHM than in NTK, it was the same in the forests 
at both the sites (Figure 3.9). 
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Figure 3.9. Seasonal seedling mortality across forests and plantations; J–M = January–May, 
M–S = May-September, S–J = September–January.  
 
 
Survival of native and exotic species  
 
At CHM, percentage survival of native woody seedling was higher in the forest (42%) 
than plantations (27%). However, exotic species survived much better in the plantations; 
lantana (63%) and P. guajava (60%), than in forest where only 20% of lantana survived 
after 539 days (Figure 3.10). However, at NTK, survival of native woody seedlings was 
higher in the plantation (45%) than forest (39%), and exotic species such as tea survived 
much better in the plantations (40%) after 539 days (Figure 3.10). Overall at the lower 
elevation CHM, lantana and P. guajava appears to exclude native species seedlings, 
whereas at the higher elevation in NTK, tea plants though abundant do not seem to inhibit 
survival of native species seedlings.  
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Figure 3.10. Percentage survival of native and exotic seedlings after 539 ± 3 days in CHM and 
NTK.  
 
Survival of selected woody seedlings common to forest and plantations at CHM showed 
that for Dodonaea viscosa  and Gordonia obtusa, survival was 100% and 60% 
respectively of that in the forest. In species such as Psychotria sp. and Scolopia crenata, 
no seedling survived in plantation and in case of V. punctatum, only 11% survived in the 
plantations. In NTK, Elaeocarpus munronii (67%), L. wightiana (67%) and Rapanea 
daphnoides (100%) had better survival in plantations;  Syzygium sp., (53%), and V. 
punctatum (42%), had moderate survival , while Ardisia pauciflora and eight other 
unidentified seedlings, there was no survival in plantations. Overall, V. punctatum is 
common to both CHM and NTK, but had higher survival in NTK than CHM.  
 
Discussion 
 
Native species colonisation of tea plantations 
 
After 17 years of abandonment, tea plantations shared only 51-56% of native woody 
species with the forest. This is indicative of the process of colonisation by native 
species which is still in progress and species assemblages are far from being similar. 
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However, it is difficult to find benchmarks for comparison, because no other inventory of 
the colonisation process in abandoned tea plantations exists. There are studies from 
differently aged abandoned plantations, for example exotic plantation of 
Araucaria angustifolia (Bertol.) O. Kuntze in the central eastern region of Parana state, 
Brazil; showed 126 native species regenerating in a 35-year old plantation which was 
best explained by the colonisation of the understory compared to 22- or 43-year old 
regenerating plantations (Barbosa et al. 2009). The study from clear-felled and logged 
forests of different ages in Western Ghats showed that 40 years after cessation of logging 
activities, recovery of plant community is still not comparable to natural forests (Ganesan 
2001). Similarly, a study from the same landscape showed species recovery in a 25-year 
abandoned Eucalyptus plantation has been high due to recruitment of seedlings and 
saplings of many early successional species (64 tree species), whereas in a 40-year 
old Eucalyptus plantation, native species richness declined but still dominated by early-
secondary species (Selwyn and Ganesan 2009).  
 
The surrounding forest edge which had experienced severe disturbances from fuel wood 
collection, small timber extraction, etc. when the plantation was being managed, has led 
to many early-successional species dominating the surrounding forest, which helps in 
colonising the abandoned plantations on a regular basis. The fact that early successional 
species was higher in CHM (69%) than in NTK (44%) could also be due to CHM being 
in an ecotone between evergreen and moist deciduous forest. In that sense forests in 
abandoned tea plantations would require many decades to be comparable to adjacent 
forest since establishment of late successional species in the plantations are still 
negligible. 
 
The composition of species in the abandoned tea plantations was also dominated by early 
successional species as one would expect given their ability to establish in high light 
conditions (Swaine et al. 1997). These species can grow fast, and can have a high relative 
growth in both diameter and height (Whitemore 1984). In the present study, even after 17 
years of abandonment, late successional species have not colonised the plantations. One 
reason could be lack of seeds reaching the plantation because of inadequate dispersal (see 
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Chapter 2) and another could be the microsite conditions prevailing in the plantations 
(Eriksson and Ehrlén 1992) or competition with invasive species as discussed later. 
Higher levels of seed predation that many late successional species face at the site could 
also be a reason for their poor establishment (Ganesh 1996), since seed predation is 
known to affect regeneration and consequently the community structure (Janzen 1971).  
Though there may be seed input into the plantation, not all seeds may establish due to the 
microclimatic conditions available at the site for the particular species. For the dominant 
species of woody plants in CHM such as O. arborea, Pittosporum tetrasperma, V. 
punctatum and G. obtusa, the seed bank  showed seed density was related to tree density 
(see Chapter 2). However for Ficus religiosa, Ficus virens, and Ficus sp1 though they 
have been recorded in the soil seed bank (SSB), they were completely absent in woody 
seedlings and woody plants within the plantations, which could be due to the limitation in 
seedling establishment (Appendix 2.1). At NTK, dominant species of woody plants were 
M. indica and V. punctatum, which were common even in the interior of the plantations 
(Appendix 3.1). These are largely dispersed by frugivores like the Pycnonotus jocosus 
(Red whiskered bulbuls), which are more common in the plantations than in the forest, 
and therefore these species may do not appear to suffer from dispersal limitation. 
Moreover M. indica and V. punctatum produce plenty of seeds and regenerate well within 
the plantations (pers. obs.), this could be a reason for getting higher density of stems of 
these species in the plantation at NTK (Table 3.10). Although, other species such as  E. 
serratus, E. munronii and Acronychia pedunculata have high seed input, they could not 
establish themselves, which may be due to seed viability (pers. obs.) and microsite 
suitability in the plantations. In addition to factors like predation on seeds and seedlings 
by many invertebrates (pers. obs., Ganesh and Davidar 2005; Suresh et al. 2010), density 
dependent mortality and pathogenic effects can influence seedling survival (Chapman 
and Chapman 1999).  
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Table 3.9. Comparison of species richness and density across litter seed bank, woody seedlings 
and woody plants in tea plantations and forests. 
 
Species richness
(m -2 )
Seed density
(m -2 )
Species density
(m -2)
Stem density
(m -2 )
Species richness
(m -2 )
Stem density
(ha -1 )
Forest 1.78  ± 0.08 7.40  ± 1.10 2.6  ± 0.27 3.72 ± 0.38 0.186 ± 0.012 4240 ± 289.90
Tea 0.99  ± 0.06 5.16 ± 0.82 1.52  ± 0.13 1.98 ± 0.20 0.113 ± 0.014 3527 ± 335.30
Forest 2.35 ± 0.08 11.93 ± 1.58 2.34  ± 0.26 4.60 ± 0.88 0.164 ± 0.016 4070 ± 595.54
Tea 0.79 ± 0.05 7.75 ± 1.38 1.58  ± 0.18 2.50 ± 0.26 0.0853 ± 0.007 6807 ± 1170.37
LSB- Seeds Woody plants
CHM
NTK
Woody seedlings
 
 
The persistence of early successional species in the plantations could also be due to their 
greater dormancy period than late successional species. Studies on many early-
successional species from the tropics highlighted the dependence of seed dormancy upon 
external factors and seed-coat (Vazquez-Yanes and Orozco-Segovia 1993). A study on 
the Indian humid tropical forest (in Nelliampathy, Kerala state) showed that primary 
species completed its germination within a brief period of 1.5 months; while, early 
secondary species (early succession species) showed slow germination extending to about 
5 months; with the late secondary species falling in between (Chandrashekara and 
Ramakrishnan 1993).  
 
In the 17-year-old abandoned plantations, seed input (species richness) and stem-density 
of plants between forest and plantations was comparable but not so in terms of species. 
(Table 3.9). In CHM, even though lantana has overgrown many mid-storey and 
understorey frugivore birds get attracted to the lantana and venture into the plantation to 
forage on lantana fruits. In the process, lantana seeds get into the surrounding natural 
forest edges and also few forest seeds dispersed into the plantation (pers. obs.). Because 
of this, some species, especially early successional species such as V. punctatum, 
Pleurostylia oppositifolia, L. perrottetii seem to have no limitations and appear to 
compensate for other missing species in terms of seed density. This could be a reason 
why lantana decreases richness in plantation but allows a subset of species to colonise. 
(Table 3.2, 3.9)  
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Seedling survival was higher in NTK than CHM (Figure 3.10). This may be due to spatial 
heterogeneity of landscape where overgrown tea with its dense vegetation that precludes 
survival of seedlings occupies a small area with the plantation (pers. obs.) whereas most 
areas were open and facilitates seedling survival due to better light conditions.  Whereas 
in CHM, because of overgrown lantana the average light reaching the ground was half of 
NTK leading to poor seedling survival.  
 
Forest proximity: Why distance matters? 
Species richness and stem density of the standing vegetation within a plantation is a 
function of seed source and distance of the source. Species richness and stem- density 
decreased with plantation’s distance from the forest. Plantations closer to forest had, 
about 18-25% of native woody plant species and 22-40% of woody seedling species 
(Table 3.3), while plantations sites away from forests recorded (i.e., > 95 m) only 8-9% 
of the woody plants and 10-13% of the woody seedling species (Figure 3.2). Overall, 
such sharp decline in forest species within 95 m of the forest edge even 17 years after 
abandonment indicates that either dispersal is limited or there is high mortality of 
seedling since seedling density varies lesser away from forest or both may happen.  
 
The plantations surveyed are relatively small, only 4.6 ha (CHM) and 5.3 ha (NTK), 
respectively, compared to the forest landscape that they are embedded in, even then such 
distance effect from the edge in abandoned plantations is a clear indication that natural 
successional processes are very slow in the landscape even though there was no dearth of 
species pool to colonise plantations nor the availability of dispersers was limited. Such 
observations have come from other forest sites also. The study from Colombia showed 
that the woody seedling emergence peaked just 2 m from a forest ⁄pasture edge and 
declined thereafter due to the dispersal limitation (Aide and Cavelier 1994). Similarly, 
abandoned grasslands in Costa Rica (Holl 2002) and Brazil in the eastern Amazon 
(Nepstad et al. 1996; Uhl et al. 1988), have shown low woody species seedling 
emergence and colonisation away from seed sources. In Sri Lankan abandoned tea 
plantation overgrown with grass, seedling emergence of woody plants was much lower in 
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the grasslands than in natural forest patches, but was maximal at the forest ⁄ grassland 
edge, the reasons given are dispersal limitation, management of fire regimes, vertebrate 
herbivory and presence of dominant grasses influencing the woody plants in the 
abandoned grasslands (Gunaratne et al. 2010). These indicate that dispersal may be 
limited, but microsite conditions which are less conducive for forest species in the open 
plantations could play a  significant part in species establishment even many years after 
abandonment.  
 
The successional groups of a species play a significant role in its establishment 
(Veenendaal et al. 1996). Most late-successional species were seen very close to the 
forest edge and not in the plantations. They bore either large-seeded drupes which require 
pigeons and hornbills for long distance dispersal or produce large-seeded dehiscent fruits 
(Ganesh and Davidar 2001). The early-successional species also declined with distance 
from the forest except in NTK. These species are usually dispersed by a variety of birds 
and in many cases by bats and had a dual dispersal mode (see Chapter 2). These patterns 
may be due to dispersal limitations and not disperser limitation since bulbuls the most 
common birds responsible for dispersing many early successional species are in high 
density (see Chapter 2). However, because of the smallness of the plantations and 
somewhat linear shape of the plantations, there is not much incentive for the birds to visit 
the plantation when they can actually fly across to the forest on the other side. In NTK 
species such as M. indica and V. punctatum which produce lots of fruits across the year 
and are found in the plantations may be attracting bulbuls and civets and could be a 
reason for the distance effect to be weak for early successional species. Forest proximity 
is important for colonisation but its effect can be variable depending on the species 
present already in the plantations and the density of these species.  
Elevation, invasiveness and colonisation 
 
The elevation difference between the two plantations was about 300 m and only 25% of 
species were similarity to both CHM and NTK plantations, whereas among the forest 
about 29% of species were similar (Figure 3.1). This is because a large proportion of 
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species were unique to each elevation owing to the transitional ecotone effect caused by 
sharp bioclimatic gradients (Pascal and Pelissier 1996; Pascal and Ramesh 1987). An 
earlier study by Ganesh et al. (1996) reported a similar pattern caused by a small change 
in elevation, which influenced the species composition, within the mid-elevation wet 
evergreen forests of KMTR. Such change in species composition could be due to several 
factors such as microclimatic variations, i.e., soil moisture, soil temperature and soil 
hardness. Studies from the Neotropics have highlighted that forest succession is heavily 
dependent on biophysical site-specific factors (Guariguata and Ostertag 2001) and 
vertebrate herbivores (Cadenasso et al. 2002). 
 
Unlike exotic tree plantations such as Eucalyptus sp., Acacia auriculiformis and Cocoa, 
the tea plants grow differently from other exotic species. It may  not allow understorey 
native species, because of dense canopy and numerous coppiced tea stems, which is not 
the case of other exotic plantations. Moreover, the topsoil at CHM was completely 
degraded and had less moisture-holding capacity due to the weathered soil and sloppy 
terrain that facilitates high runoff and soil erosion rather than infiltration. Forests cleared 
from such areas are usually difficult for native species to colonise initially and allows 
invasive species to take over (Gooden et al. 2009). In NTK, higher precipitation (5000 
mm) compared to CHM (3500 mm), facilitates high density of few early-successional 
species to colonise and establish in open areas, thus preventing light-demanding invasive 
species such as lantana. Moreover, the exotic tea plant (non-invasive) itself has 
overgrown luxuriantly due to suitable microclimate, soil physical and chemical factors 
which may be preventing invasive species from colonising.  
 
Native woody plants species richness and stem-density showed a negative relationship 
with stem-density of exotic (i.e., both non-invasive and invasive) species (Figure 3.5). 
This raises a question as to whether any competition for resources exists, though many 
studies have emphasised that invasive species suppress the survival of native species 
(Sundaram and Hiremath 2012; Clavero et al. 2009; Gooden et al. 2009; Hejda et al. 
2009; Sanders et al. 2003). However limited studies have indicated that invasive species 
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can benefit native species (SINC 2008). In a dry forest in Western Ghats, only species 
such as Phyllanthus emblica and Kydia calycina were found to be significantly less 
abundant under lantana, whereas most other species were not affected by the presence of 
thickets. However, it was inferred that by affecting the establishment of dominant native 
tree seedlings, lantana thickets could eventually alter the community composition of such 
forests (Ramaswami and Sukumar 2011). The study from abandoned Panama grasslands 
shows constraints in forest successions due to exotic grass species Saccharum 
spontaneum that led to frequent fires suppressing the native species succession (Hooper 
et al. 2004), which can also happen in the lower elevation plantation in CHM or 
elsewhere as in the adjoining Kerala state where grass has overgrown plantations 
(Chetana and Ganesh 2011).   
Environmental factors and species composition 
 
Overall species composition of woody plants appears to be only 26% similar between 
forest and plantations at CHM and 13% at NTK (Figure 3.1). This could be due to several 
factors such as limitation of seed sources, lack of diverse dispersers, seed viability in the 
microsite (Chetana and Ganesh 2012; Eriksson and Ehrlén 1992), herbivory by wildlife 
(Cadenasso et al. 2002) and poor soil fertility (Thorpe and Timmer 2005). In contrast, 
woody seedling composition at NTK is more similar between forest and plantations than 
in CHM indicating better colonisation of woody seedlings in NTK than in CHM (Table 
3.9). Such a pattern could be due to the lack of microsite suitability for seedling 
establishment and also suppression by invasive species in CHM, and also due to 
herbivore and predation factors which structure the dynamics of the seedlings and 
vegetation composition (Howlett and Davidson 2003). Though the physical factors have 
not been a strong predictor in species composition, there may be unmeasured factors such 
as pattern of precipitation and frequency of grazing by forest herbivores, frequency of fire 
and resource competition that may affect seedling survival (Mandle and Ticktin 2012; 
Ticktin et al. 2012; Gooden et al. 2009). A study on pastures showed that high soil 
temperatures and lower moisture availability influence seedling mortality, compared to 
the surrounding forests (Nepstad et al. 1991, 1996); also many cases show a shortage of 
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seeds for seedling establishment (Uhl 1987; Nepstad et al. 1991). Whereas, NTK did not 
show much change in seedling composition, which could be due to favourable edaphic 
physicochemical factors (Table 3.5, 3.6) such as soil moisture and conducive incident 
light, which are favourable to many early-successional species such as Maesa indica and 
V. punctatum (the dominant species at this elevation) to establish. However subsequent 
motality  of seedling at NTK may be due to browsing by large herbivore like  sambar, 
Indian gaur, and Elephants (Ganesan and Setty 2004; Sukumar et al. 1992) which are 
frequently seen in NTK plantations.  
 
Soil chemical and physical parameters can structure the community composition 
significantly. Earlier studies in the tropics have indicated that woody plants are 
commonly limited by phosphorus (Ewel 1986; Golley et al. 1975), but there are 
exceptions (Vitousek et al. 1987). Nitrogen was higher in the forests than tea plantations, 
which could be due to the large amount of organic carbon getting transferred within the 
forest leaf litter; whereas tea plantations did not receive any organic manure other than 
from tea leaves. This could be reason for soil pH in the plantations to be higher than 
adjacent forests (Table 3.5). Phosphorous was marginally higher in the surrounding forest 
than tea plantation, especially at the lower elevation forests (CHM), which could also 
influence woody plant establishment. Earlier studies emphasise that availability of 
phosphorus considerably influences the early growth rates and yield of fruits (Dalal and 
Hallsworth 1976; Atkinson 1973). Most other studies comparing nutrient levels in 
pastures and forests have reported lower levels of cat-ions in the pastures than in primary 
and secondary forests (Krebs 1974). Overall, poorer nutrients in CHM than NTK may be 
a reason for greater density of stems in NTK than CHM and there is also more similarity 
between NTK plantation and forest in term of soil composition unlike in CHM.  
 
Seedling mortality and future of colonisation 
 
Woody seedling mortality was higher during winter (W; January–February), indicating 
that soil moisture which is lowest during winter could be a driver for seedling mortality, 
in both CHM and NTK (S; April–May) (Figure 3.9). Winter succeeds northeast monsoon   
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and many seedlings that are encountered in plantations and forests  in the winter and 
early summer can die due to the dry condition prevailing in the plantations.  In another 
study, higher seedling mortality in drier seasons within Western Ghats was recorded, but 
these were observed in artificially planted seedlings (Raman et al. 2009). Intense rain that 
happens for 2-3 months on exposed plantation soils especially in CHM could have 
washed away nutrients that may lead to high mortality of seedling 
 
The colonisation by native species in tea plantations seems to be affected by various 
factors ranging from elevation, species composition of the surrounding forest, distance 
from forest, species traits, edaphic factors and the role of invasive and non-invasive 
exotic species. It is clear that even in such small plantations embedded in a large 
contiguous forest patch, colonisation is a slow process and the effects of past disturbances 
are persistent even after abandonment. This calls for a more active approach towards 
restoration of these landscapes than just leaving natural processes to take action. 
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Chapter 4. Social perceptions and Ecological 
interventions in native species restoration 
 
Introduction 
 
Millions of hectares of agricultural land have been abandoned worldwide due to various 
socioeconomic and ecological reasons (see Chapter 1). Tropical agricultural plantations 
such as cocoa, cardamom, piper, cinchona, coffee and recently tea abandoned or put to a 
different use, are often located in biodiversity-rich regions of the globe (Chetana et al. 
2012; Barbosa et al. 2009; Myers et al. 2000; Chapman and Chapman 1999). These 
abandoned habitats are vulnerable to land degradation leading to erosion and prone to 
invasive species colonisation (Chinea 2002). Such areas however provide opportunities to 
restore natural forests. But, prior identification of the factors driving the cause of 
abandonment and degradation is required (Lambin and Meyfroidt 2010; Cramer et al. 
2008), to arrive at appropriate interventions to accelerate the recovery process as well as 
meet the livelihood demands of plantation dependent workers (Rey-Benayas et al. 2008). 
 
Good restoration apart from knowledge of science requires the use of common sense and 
understanding the historical, social, cultural, political, moral and aesthetic values (Higgs 
1997; Higgs 1994), and basic biophysical and social issues (Bradshaw and Bekoff 2001). 
Site-specific negotiation to achieve the best possible outcome with due involvement of 
diverse stakeholders is needed to attain the goal of cost-effective ecological restorations 
(Rey-Benayas et al. 2008; Higgs 1997).  Benefits of restoring abandoned lands include 
enhancement of biodiversity, watershed functions, and soil stabilisation (Ravi 2013; 
McShea et al. 2009; Sayer et al. 2001; Ramakrishnan and Kushwaha 2001; Zaizhi 2000; 
Chapman and Chapman, 1999; Datta 1998; Lamb and Tomlinson 1994). Several studies 
have emphasised that afforestation by native or exotic species in degraded land or 
agricultural land will ameliorate succession of native species (Teegalapalli et al. 2010; 
Raman et al. 2009; Selwyn and Ganesan 2001; Harvey 2000; Guariguata et al. 1995). 
Such restored secondary forests also provide leaf litter and fuel wood to the local 
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community and additionally non-timber forest products (NTFP) such as honey, medicinal 
plants, and lichens, which can decrease the dependency on natural forests for their 
livelihood (Biswal 2009; Setty et al. 2001; Setty et al. 1996). 
 
In India and Sri Lanka, large-scale plantation crops such as tea, coffee, rubber, cinchona 
and cardamom were well-established in the higher elevation depending upon the agro-
climatic conditions since 19th century (Chatterjee 2001; Ridwan et al. 1997). Many of 
these were established by clearing natural forests, and were leased by the British and the 
subsequent Indian government to private plantation developers on a long-term basis, 
mostly for a period of 99 years or less. In recent times, many of the forests that enclosed 
these plantations have been notified as Protected Areas (PAs) by the Government of 
India. Although most of these plantations have continued to function for decades despite 
lying within the larger boundaries of PAs, many are being abandoned either due to expiry 
of leases that have not been renewed subsequently by the government, restrictions 
imposed by the PA or simply due to the decline in profitability of the plantations. Tea 
plantations within Agasthyamalai range have been vulnerable to poor markets, 
fluctuating demand, escalating cost of labour, fluctuating global prices and insecurity 
over lease renewals (Chetana et al. 2012). Moreover, several hectares of plantations lie 
inside PAs that are already abandoned, likely to be abandoned or diverted to alternative 
land use. These areas require restoration effort not only to harbour biodiversity, but also 
to take care of local livelihood and bio-resource requirements. 
 
The rather sudden and potential release of land after decades or centuries of use has 
understandably led to a serious debate among the state forest departments and 
conservationists on policies for future land use in plantations. When plantations are 
abandoned, they are poor in biodiversity, susceptible to invasion by exotic species, and 
economically not useful. However, given their location within PAs, the abandoned 
plantations have very high potential for facilitating biodiversity regain and increase in 
wildlife habitats.   
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In this chapter, I explore the socio-ecological protocols that can facilitate restoration of 
native species, stakeholder perceptions on plantation abandonment and the scope for 
involving stakeholders in restoration and related activities. The broad objectives are as 
follows: 
 
1. What are the stakeholder perceptions to tea abandonment and how does it vary within 
and outside PAs?  
2. What ecological interventions can be made to facilitate native species colonisation, 
prior to plantation abandonment? 
3. What are the legal and economic frameworks under which ecological restoration could 
work? 
 
Methods 
 
Study Area 
 
Socio-economic Research 
Socio-economic issues related to abandonment were assessed through stakeholder 
perceptions in both the eastern and western slopes of the Agasthyamalai region during 
2009–2010. Tirunelveli division includes two districts of Tirunelveli and Kanyakumari in 
Tamil Nadu state and Trivandrum division encompasses Trivandrum and Kollam districts 
in Kerala state (Tea Board of India 2010). The social perception study was carried out in 
15 plantations, 6 in  Tamil Nadu and 9 in Kerala as mentioned  below. 
 
Tirunelveli division 
 
Vanamamalai Jeer Mutt tea plantation  
The study was conducted in Chinnamanjolai (CHM) and Netterikal (NTK), two 17-year-
old abandoned tea plantations located inside the KMTR. These two plantations with a 
total area of about 193.5 ha are owned by Vanamamalai Jeer Mutt temple trust and are 
formally known as Vanamamalai Jeer Mutt plantations (see Figure 2.1). The mutt is in 
possession of the land title deed (patta) and has the authority to lease-out the property on 
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a 5-year contract to generate revenue for the temple until 1992. After the notification of 
the KMTR as a Tiger Reserve in 1988, there have been issues regarding access to the 
plantations. Litigation exists between the forest department and the leasee, Natesan 
Transport Company (see Chapter 2, Study area). The workers moved out from the 
plantations and many of them are aged and some working in alternative jobs. 
  
Bombay Burma Trading Company  
The largest managed tea plantation (total area of 3,391 ha) in the Agasthyamalai region 
of Western Ghats is situated in KMTR. The plantation is located in the forest area which 
belonged to the erstwhile Singampatti Palyam. This was a private forest gifted to the 
Palayakar (Chieftain) of Singampatti by the Maharani of Travancore for helping her to 
quell a court mutiny. This area was leased to the Bombay Burmah Trading Corporation 
Ltd., (BBTC) by the Zamin of Singampatti in 1929, following the Zamin dari 
abolishment act enacted by the Government of India, the management of the Singampatti 
forest was taken over by the State forest department in 1956. The state forest department 
became the lesser and part of the land has also come under the revenue department. The 
plantation lease expires in 2027 (Sources: lease deed) and it is expected that the land will 
be transferred to the forest department since it is located in the core area of the tiger 
reserve. Tea is the major crop with eucalyptus, cardamom and coffee grown in small 
portions of the estates. The BBTC plantation was subdivided for administrative 
convenience into Manjolai and Kakachi (08o 34` 05.00`` and 77o 24` 37.56``), 
Manimuthar (08o 33` 06.22`` and 77o 21` 29.01``), Oothu and Kuduravetti divisions (08o 
34` 32.11`` and 77o 20` 28.94``). The elevation of these plantations ranges from 800 m to 
1400 m asl. The plantation group employed about 6,600 workers and additionally 
hundreds of temporary workers. The tea varieties produced were CTC (crush, tear, curl), 
dust, orthodox, green tea and organic tea which are exported to many countries, mainly 
Europe. Worker welfare is good. A 10-bed hospital with a dedicated doctor and 
supporting staff and 24-hour ambulance are provided in each plantation. The labour 
housing lanes are in good condition and maintained annually. Sanitation facilities, water 
and electricity were provided separately for each household. Social perception interviews 
were conducted in three plantations within the BBTC.  
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Trivandrum division 
 
Shendurney wildlife sanctuary 
The Shendurney WLS is located in the Kollam district of Kerala and within the 
Agasthyamalai range (08○ 44` to 9○ 14` N and 77○ 59` to 77○ 16` E). It was notified as 
Wildlife sanctuary in 1984, with an area of 171 km2. The region receives rains  from both 
southwest (May–July) and northeast (October–November) monsoons. The total annual 
rainfall is about 3000 mm. The temperature varies from 17○C to 35○C with a maximum 
temperature of 39○C. March to May period is summer while December and January are 
the coldest months. The region is known for the endemic plant such as Gluta travancoria 
and many rare and endangered fauna such as tiger, leopard, elephant, and the lion-tailed 
macaque (Sasidharan 1997).  
 
The sanctuary has many enclaves such as Electricity board (EB) near the Parappar dam 
built across the rivers Kulathupuzha and Shendurney and many paved roads and 
plantations of rubber, cardamom and tea. The plantations which have been abandoned are 
the Rosemala and Kallar tea plantations.  
 
Rosemala tea plantations 
Rosemala (08○ 54` to 08○ 55` N and 77○ 09` to 77○ 10` E) is the oldest tea plantation 
located within the Shendurney WLS. The elevation range of the plantations varies 
between 760 m and 1064 m asl, and the total area is 262 ha. The land was leased by the 
British for 99 years and subsequently transferred to an Indian company (MMK groups) 
after independence. In 1972, the lease expired and the Kerala state government 
distributed the land to several families (an acre/family) for their livelihood. These lands 
which range from 5 to 20 acres are currently owned by a few families. There are 
currently about 334 households and cultivate rubber, coconut, tapioca for their use and 
livelihood.  
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Kallar tea plantations  
The Kallar plantations (08○ 52` to 8○ 53` N and 77○ 08` to 77○ 09` E) is an old tea 
plantation situated in the southern part of the Shendurney WLS. Forest area of about 
1,500 ha was cleared for cultivating tea under lease during the colonial period and later 
transferred to the Indian Government. Subsequently only 538 ha are under agriculture 
and the rest has regrown into forests. Kallar groups of plantations range from 10 ha to 50 
ha.  These lands currently hold patta deed for agricultural purpose allowing cultivation of 
rubber, clove, coffee and coconut. Within the Kallar, 3 plantations were randomly 
selected for the stakeholder assessments. There were only 37 families in the plantations, 
many of them were from neighbouring Tamil Nadu and were hired on a temporary basis. 
 
Bonacaud tea plantations 
The Bonacaud tea plantation (08○ 40` to 8○ 41 ` N and 77○ 09` to 77○ 11` E) is situated in 
the Vithura Panchayat of the Nedumangadu Taluk, Trivandrum district, in the foothills of 
the Agasthyamalai mountain range and surrounded by the Paruthippally–Peppara game 
sanctuary. Annual precipitation is around 3,000 mm, received from both southwest 
(May–July) and northeast (October–November) monsoons. The company, which has a 
history of more than 100 years, is presently owned by Mahavir plantations. Out of the 
519 ha owned by Bonacaud plantations, tea is grown in 373 ha and the remaining area is 
cultivated with cardamom, rubber, pepper and coconut. Totally, 460 permanent workers 
and 150 temporary workers were employed in the plantations. The management deserted 
the plantation in 1999 and it has defaulted on plantation tax, electricity bills and 
Panchayat tax. Many workers are still settled inside the plantations and harvest tea leaves 
and sell them to make their livelihood (Chetana et al. 2012).   
 
Ponmudi region 
Ponmudi hills lie outside the PAs within the Agasthyamalai range (08○ 45` to 8○ 46` N 
and 77○ 07` to 77○ 08` E) in Trivandrum district of Kerala, within an elevation ranges of 
300 m asl to 1100 m asl (Figure 1.1). The precipitation ranges from 900 mm to 3910 mm, 
with a minimum temperature range of 18oC to 23oC and maximum temperature range of 
23oC–34oC. Ponmudi hills is dotted with large tea plantations across a range of elevation 
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gradient (300 m to 1100 m asl, Simon and Mohankumar 2004). The Ponmudi hills have 
been declared as Ecologically Fragile Land (EFL) under the 2003 Act by the Kerala 
government in order to conserve the riparian forests and watershed. Due to this Act, many 
tea plantations such as Ponmudi plantation (08o 44` 35.55`` and 77o 07` 58.36``)  and 
Merchiston plantations  (08o 45` 46.17`` and 77o 07` 14.63``) stopped tea production.  
 
In addition, other plantations which lie outside the PAs and EFLs such as Travancore 
Rubber and Tea Company Ltd. (09o 02` 18.84`` and 77o 06` 26.59``), Priya Tea 
Plantations (09o 02` 22.71``, 77o 07` 17.40``) in Kerala and Belford tea plantation (08o 26` 
34.04``, 77o 24` 41.29``) and Balamore estate (08o 27` 24.41``, 77o 23` 34.82``) were 
visited in Tamil Nadu, to assess the stakeholder’s perceptions.  
 
Ecological intervention 
The ecological intervention study was carried out from April 2008 to March 2009, within 
a 350 ha managed plantation in Manimuthar (8.55º–8.54ºN, 77.35º–77.37ºE) located in 
the Kalakad Mundanthurai Tiger Reserve (KMTR). The study area receives rain from 
both southwest and northeast monsoons. Sampling of ecological variables was done 
thrice in a year, a) before the southwest monsoon (April–May), b) after the southwest 
monsoon (September–October) and c) after the northeast monsoon (February–March). 
The mean maximum temperature ranged from 17º C to 28º C and the minimum 
temperature from 14º C to 19º C. Annual rainfall ranged from 800 to 4000 mm (Chetana 
and Ganesh 2012; Ganesh and Davidar 1999). The primary wet evergreen forests were 
dominated by Cullenia exarillata, Aglaia bourdillonii and Palaquium ellipticum (Ganesh 
et al. 1996), while along forest edges, early-successional species such as Elaeocarpus 
spp., Mallotus tetracoccus, Macaranga peltata, Maesa indica and Clerodendrum 
cordatum were common (see Chapter 3).  
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Research methods 
Social perception assessment 
 
Interviews of stakeholders were conducted with a pre-designed questionnaire that had 
semi-structured questions. Three major stakeholders were identified: (1) plantation 
owners, (2) plantation workers (leaf pluckers) and (3) forest managers (this category was 
considered only if the plantations lay within the boundary of PAs and EFLs). The field 
data generated through questionnaires was audio-recorded. Respondents to each question 
were consolidated and categorised to arrive at common responses. These are represented 
as presences and absences or continuous numbers (i.e., dummy variables as ‘0’ and as 
‘1’). Secondary data from published literature, gazetteers, and unpublished reports 
available in district libraries were collated for comparison and substantiation of 
questionnaire data.  
 
A total of 15 different plantation owners and managers were interviewed, 11 within PAs 
and EFL areas and 4 from outside the PAs. All respondents were male. Similarly, 75 
plantation workers were interviewed by randomly picking 5 individuals within the 5 
different working family house-holds from each plantation. A total of 24 female and 51 
male workers were interviewed.  
 
Forest department personnel in the PAs were also interviewed. These included Field 
Directors, Deputy Directors, and Conservator of Forest. It was possible to interview only 
five individuals.  
 
The response was broadly categorised at each stakeholder’s level (Table. 4.1) and each 
factor was considered as dummy variable for dichotomous replies (i.e., Yes (1) and No 
(0); Female (1) and Male (0)). This above-mentioned broad category was assigned to all 
three stakeholders and as given below.   
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Table 4.1. Summary of stakeholders’ responses to survey questions.  
____________________________________________________________________ 
Questions        Scales/categories 
___________________________________________________________________ 
Land owners/ managers 
1. Legal issues        Yes/No 
(PAs, EFLs and Non-PAs nested land uses) 
2. Economic issues        Yes/No 
(International market competitions: most commonly highlighted) 
3. Agricultural taxes        Yes/No 
(Concerns on central and state universal agricultural taxes and additional differences within each 
state/province). 
3. Labour unions       Yes/No 
(Politically motivated labour unions, workers demand, the cost of production that is higher than income per 
a kilo of tea). 
4. Willingness to surrender and receive compensation   Yes/No 
(To give back the land to forest department if they are compensated adequately) 
___________________________________________________________ 
Plantation workers 
1. Labour welfare issues:        Yes/No 
(Facility related to hospital, schools for children, maintain once of house lines, potable drinking water, 
electricity.) 
2. PF settlement and balance of payment    Yes/No  
(In unmanaged/abandoned plantations, where workers were still staying within the plantation, even after 
the plantation was abandoned) 
3). Worker unrest       Yes/No 
(Many inside and outside PAs workers revealing that labour unions have supported them in raising their 
voices against the plantation owners).  
4). Gender        Female / Male 
5). Generation of history of family dependences:     1st/2nd/3rd/4th   
6) Age: (Age of respondents in the family) 
7) Additional incomes      Yes/No 
(Income sources from outside the tea plantation (house given for rent, son working in/outside estate, etc.) 
8) Skilled workers       Yes/No 
9) Legal issues        Yes/No 
(PAs, EFLs = Yes and Non-PAs = No) 
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10). Willingness to move out      Yes/No 
(Willingness to move if the government or plantation owners offered compensation. Since plantations are 
remote, no development possible; the future appeared bleak for their younger generation. Also lack of 
exposure to the world outside due to localised working on tea plantations. Over generations, attachment 
developed to the landscape). 
________________________________________________________________________ 
Forest managers 
Possible restoration knowledge       Narrative  
Renewal of lease within the PAs 
(prior and post-abandonment of tea plantation) 
  
Ecological interventions  
Managed plantations  
An ecological assessment was made to understand how plantation management practices 
in currently managed plantations can facilitate biodiversity restoration efforts if 
plantations are abandoned. Tea plantations are planted with shade trees such as Grevillea 
robusta. These are also planted in various density categories across the plantations. We 
categorised them as continuous shade tree (henceforth CST): between 35 and 40 trees  ha-
1
, isolated shade trees (henceforth IST): less than 3 trees ha-1, and without shade trees 
(henceforth WST): plantations without any trees.  We estimated forest seed species 
richness and seed density in the three shade tree categories using 10 × 10-m plot within 
which four 1 × 1-m subplots were nested at the four corners of the larger plot (Figure 
2.2b, c). The plots were located at 0 m (i.e., FE), 25 m, 60 m and 95 m from the forest to 
the centre of the plot along a transect (Figure 1b). A total of seven transects were laid in 
each plantation type separated by a minimum distance of 500 m (Figure 2.1a,b, and b, see 
Chetana and Ganesh 2012). 
 
Seeds in the litter soil (LSB) were collected within the 1 × 1-m subplots. Large litter 
including leaves and twigs were removed manually and soil was passed through sieves of 
different pore sizes (0.5 cm2 and 1.0 cm2). Seeds were collected and identified by 
comparing with reference collection and local flora (Gamble and Fischer 1915–1935). 
Unidentified seeds were preserved for later identification. 
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Abandoned plantations 
Removal of tea bush  
Five, 5 × 5-m plots were established by clearing tea bushes randomly within the tea 
plantations during February–March 2008. These were permanently marked and 1 × 1-m 
sub-plots within each plot was marked to observe colonisation. These were considered as 
clear plots. Similarly, marked adjacent plots 10 m away from the cleared plots within the 
tea bushes were considered as control. Seedling (≤ 1 cm girth) growth was assessed in the 
cleared and control plots during September–October 2009, 539 ± 3 days after initial 
marking. 
 
Remnant trees in native species colonisation 
In each plantation, 10 isolated trees (IT) were selected. From the focal tree, 5 m radius 
circular plots were laid, and all plants > 1 cm DBH were enumerated within the plots. 
Exotic species like lantana which did not often reach breast height was counted. A similar 
plot was laid 10 m adjacent to the IT plot but without any shade trees. These were 
considered as control.  
 
Species in the plantations vegetation plot (10 × 10-m see Chapter 3) were ranked based 
on highest to lowest density. These species were categorised as early and late 
successional groups and into different dispersal modes to identify their potential as 
natural colonisers that can be used for ecological restoration. 
 
Data analysis 
Socioeconomic perceptions 
 
Each stakeholder’s questionnaire was subjected to open and closed end analyses. The 
closed end analysis was done using logistic regression for plantation workers and 
descriptive analysis for plantation managers and forest managers. Open-end analysis 
using narratives was performed for all the stakeholders. The responses of plantation 
workers: Yes – ‘1’ and No – ‘0’. Similarly for gender; Female – as ‘1’ and Male – ‘0’. 
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The PAs and EFL were considered as ‘1’ and Non-PAs as ‘0’. Family generations were 
numbered as 1 (i.e., first generation family) 2, 3, and 4, based on the respondent’s family 
history. The age of the respondent was used as a continuous variable.  
 
Ecological interventions 
 
Managed plantation 
Species richness was estimated as the cumulative number of species in the 10 × 10-m 
plot. Density (m-2) of seeds was pooled from each subplot within the 10 × 10-m plot 
(Figure 2.2b,c). Kruskal–Wallis non-parametric ANOVA was used to test differences in 
species richness and seed density across the plantation types with distance as a constant 
factor. Wilcoxon test for pairwise comparison was done whenever the Kruskal–Wallis 
ANOVA yielded significant results (Zar 1999).  
 
Abandoned plantation  
Species richness of seedlings/woody plants in cleared plots was estimated as the 
cumulative number of species in the 1 × 1-m sub-plot established within the 5 × 5-m 
cleared plot. Survival of species was recorded 569 ± 3 days after initial clearing and was 
compared with both control and cleared plots using Wilcoxon test (Zar 1999). Shannon’s 
diversity (H`) and Evenness (E) was calculated for the control and experimental plots. 
 
Species richness and seed-density under isolated tree (IT) and in areas without trees (WT) 
were compared using t-test (two samples assuming unequal variance) (Crawley 2007).  
All the analyses were done using free statistical software R 2.12.1 (R Development Core 
Team 2011). 
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Results 
 
Socioeconomic perceptions 
 
Land owners and managers' responses 
 
Reasons for abandonment 
About 47% of the respondents highlighted legal issues as a major reason for tea 
plantation abandonment, which include mainly the legal tenure on the land either in PAs 
or EFL areas. Being in such areas, the plantations are at a risk of being closed and later 
abandoned due to legal conditions. The remaining 53% indicate poor and improper 
management due to economic reasons such as international market fluctuations following 
which social unrest and lack of skilled labour hindered plantation functioning (Figure 
4.1). 
   
Figure 4.1. Plantation owners’ responses to abandonment of tea plantations. 
 
Willingness to leave 
The majority of respondents within PAs and EFL said they are willing to move out if 
good compensation was paid (60%). They were from areas facing abandonment due to 
the land being under PAs and EFL. The remaining 40% were not sure and were largely 
from managed plantations such as BBTC with a 99-year government lease due to end in 
2027. These plantations were well-managed with less labour union threats, good road 
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connectivity and less obligations with forest managers and also profitable due to the good 
quality of tea production, and market demand; but after 2027, the respondents are not 
sure what will happen and there is a feeling of insecurity. Outside PAs and non-EFL 
areas where the plantation has unlimited tenural rights on the land, 100% of the 
respondents mentioned that market fluctuations played an important role in the non-
functioning of the plantations.  
 
The major concerns of plantation proprietors relate to question of land classification 
whether lease, EFL or PA’s or labour unionism that is perceived to be politically 
motivated. The group manager of the Merchiston estate at Ponmudi which falls under the 
area classified as EFL, said that the classification does “not allow replanting new tea 
plants ‘and hence our production is coming down’ and even the product is not competing 
with the international market”. It was noticed that the factory processing unit had not 
been upgraded over the years. Most of the machinery was rusted.  The manager added 
“The processing unit is out-dated, and we are unhappy with the factory. No bank is 
willing to give a loan to install an advanced version of the machine and renovate the 
factory due to the EFL enforcement”, He also emphasised that “EFL enforcement is the 
major reason for non- maintenance of plantation and factory machinery in Merchiston 
estate though there are labour unrest and international market fluctuation which are still 
bearable” 
 
Plantations appear to convey mixed emotions against the state in its constituent and 
institutional forms. For instance most plantation proprietors or representatives commonly 
claim .....“labour unions are the vote bank for the political parties, and they are always 
more favourable to them than towards plantation management irrespective of whatever 
the truth is”. Further, reflecting unanimity in terms of policy expectancy, plantations 
landowners /managers say “If the government is willing to give compensation for our 
land, we will return the land to the government for whatever purpose they would use”.  
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Plantation workers 
As a dependent variable, the willingness to move out among plantation workers was 
strongly related to influence of labour unions, legal issues, gender issue and age of the 
respondents (Table 4.2). Overall, the model explained 50% (Pseudo R2 = 0.4966) of the 
total variances. Labour unions prevented alternative livelihood options for workers and 
respondents were unhappy with the as they prevent the worker leaving the area for their 
own political benefits. The legal issues arose wherever the plantation had no hope of 
revival as in PAs and EFL areas. Further, female respondents and aged respondents were 
willing to move out from unmanaged/abandoned plantations.  
 
A woman worker from Bonacaud tea plantation (Figure 1.1), which is unmanaged since 
1992, on the boundary of the Peppara wildlife sanctuary (WL’s) mentions that she came 
to work from neighbouring state of Tamil Nadu, and their family had migrated for work 
generations ago.  The plantation’s lockout has affected their livelihoods and her family go 
to far-off cities and towns to work in restaurants, building construction, etc,. Children’s 
education was discontinued before the secondary education level. She also mentions her 
family not being able to afford the shifting of residence and not willing to return to their 
home town of Nagercoil in Tamil Nadu.  
 
In dwindling plantations of the Ponmudi region, where work availability is quite low over 
a given year, people lack exposure to the outside world, which in combination with low 
literacy levels, dissuades them from venturing out from plantations. A common opinion 
among women respondent’s is that children seem to be incapable in competing for and 
finding jobs outside. While educational achievements are generally low with most 
students discontinuing studies after high school, even those few who manage to graduate 
lack confidence. Lack of outside exposure and English speaking skills further reduces 
their chances of landing blue collar jobs. Dependency on work within the plantation thus 
increases. As one women worker mentioned ‘her son’ ended up in tea plantation factory 
work, though he got first class in graduation!”. 
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Table 4.2. Logistic regression analysis with dependent variable ‘willingness to move out’ ( Yes 
‘1’ and No ‘0’) and other independent variables. Bold variables are significant predictors. 
 
Independent variables Estimate Std. Error z value pr(>|z|) 
(Intercept) –9.13 2.95 –3.09 0.002 ** 
Legal issues   3.98 1.46 2.72 0.006 ** 
Payment/PF settlement  0.04 1.89 0.02 0.984   
Influences of labour union 5.06 1.75 2.89 0.004 ** 
Genders  2.05 0.97 2.12 0.034 * 
Since from many generations of working   0.74 0.49 1.51 0.132   
Age of respondent  0.12 0.04 2.97 0.003 ** 
Additional incomes –1.07 0.74 –1.45 0.148   
 
    
Forest managers 
Forest managers presented an ambiguous opinion about rehabilitation of people from 
PAs. However, all the forest department respondents were of the opinion that enclaves 
within PAs should be taken back for forest restoration irrespective of being patta land 
(title-deed) or lease land. Secondly, they are not sure how to restore the native forests, 
since such restoration efforts need huge money which is very difficult to mobilize, and 
third, is the feeling that the worker compensation is solely the responsibility of the 
respective owners of leased lands. 
 
Tea plantation in PAs, EFL and Non-PAs 
The tea plantations in Agasthyamalai region can broadly be considered under two 
categories – those within PAs and those outside the PAs. The within-PA category also 
includes EFL areas within plantations that are outside PAs. There is no EFL land inside 
PA. In my survey of the plantations within PA and EFL areas, it was observed that 49% 
(3389 ha) of the plantation areas were well-managed, 22% (1499 ha) abandoned, 13% 
(900 ha) not functioning as tea leaves were collected by the workers only in patches and 
sold outside through middlemen and 16% (1100 ha) was diverted to cultivation of other 
agricultural crops such as rubber, coconut, cinchona, tapioca, etc. Similarly outside the 
PAs, about 50% (1500 ha) of the plantations were not functioning well because of poor 
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plantation management, 29% (876 ha) was abandoned due to bank liability and labour 
unrest, and 21% (650 ha) plantations were well-managed (Figure 4.2).  
 
Among the plantations within the PAs and EFL areas, BBTC tea plantation is well-
managed and profitable. This could be possible because of the large area (>3000 ha), 
good road network, and less politically motivated labour unions. However, EFL land area 
in Kerala is severely affected by legal issues and labour union unrest. These lands that 
fall under plantations cannot be used for growing tea and hence is abandoned but remains 
with the plantation management. Politically motivated unions prevent functioning of 
plantations and are the second largest drivers of plantation abandonment.  
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Figure 4.2. Pie chart representation of tea plantation’s status within and outside the PAs in the 
Agasthyamalai region. 
 
Ecological interventions 
 
Managed plantations  
A total of 39 species and 7916 seeds were recorded within the 21 transects (84 plots) 
across three different shade tree categories in the plantations and adjacent forests 
(Appendix 4.1). The variation of species richness and seed density across the plantations 
are shown in Figure 4.3. Forests had three to four times more species than CST and IST 
and six to fourteen times more than WST (Kruskal–Wallis; χ2 = 8.39, df = 2, p = 0.01). 
Within plantations, species richness in CST was not very different from IST (Wilcoxon 
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test; W = 9, p > 0.05), but was much higher than in WST (W = 0, p < 0.05). Similarly, 
seed density in forest was 27 times more than CST, 128 times more than IST and nearly 
500 times more than WST. CST also had 3–7 times more seeds than IST and almost 28 
times more than WST. These differences are overall significant (Kruskal–Wallis: χ2 = 
10.5, df = 2, p = 0.005 ); for WST vs. CST (Wilcoxon test, W = 0, p < 0.01) and IST vs. 
CST (W = 1, p < 0.05), but not between IST and WST (W = 0, p > 0.05) (Chetana and 
Ganesh 2012). Therefore, not only the presence of shade trees, but their density also 
influenced the input of forest seeds in the plantations. 
 
Figure  4.3. Cumulative species richness (a) and mean seed density ± se (b) across the three 
plantation types, where F is forest and the rest are distances from the forest to the interior of 
tea plantations; CST = continuous shade tree; IST = isolated shade tree; WST = without shade 
tree. 
 
 
 
 125 
 
Abandoned plantation 
 
Tea plants removal and woody seedlings  
A total of 10 species of seedlings were recorded within the cleared and control subplots 
(10 sub-plots) together (Figure 4.4). The cleared sub-plots had 42 individuals 
representing eight species and the control plots had 12 individuals belonging to five 
species. The abundant species within the cleared plots are Maesa indica and Viburnum 
punctatum, whereas in the control plot it was M. indica and tea seedlings (Appendix 4.2). 
Cleared plots were also more diverse (H′ = 1.78) than control plots (H′ = 1.23). Species 
richness did not show significant difference between control and cleared plots (Wilcoxon 
test; W = 0, n = 5, p = 0.09) but 1.6 times more species were found in  cleared plots 
(Figure 4.4). Stem-density was higher in cleared than control plots (W = 1, n = 5, p = 
0.10) and was 3.5 times more  than in control plots indicating that clearing tea plantations 
helps in increasing both diversity and stem-density of seedlings.  
 
0
2
4
6
8
10
12
Cleared Control
In
di
v
id
u
al
s 
(m
-
2 )
Species density
Stem density
 
Figure  4.4. Species richness and stem-density in cleared and control plots. Cleared = exotic 
species were completely removed; Control = Plots were not cleared of any vegetation.  
 
Remnant trees in native species colonisation 
Overall, 73 species were recorded in the circular plots under the isolated trees (IT) and in 
areas without trees (WT) in abandoned plantations (Appendix 4.3). IT accounted for 74% 
(54/73) and WT for 70% (51/73) of the total species found in the tea plantations. About 
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44% (32/73) of species were common to both IT and WT and species unique to IT was 
about 30% (22/73) and to WT about 26% (19/73) (Figure 4.5).   
 
At the plantation level, in CHM, 55 species were recorded in the tea plantation. Of these, 
73% (40/55) were seen under IT and 71% (39/55) in WT. About 44% (32/73) species 
were common to both IT and WT. Species richness was only marginally higher under IT 
than WT (t(2-tailed) = 1.72, n = 10, p= 0.10). At NTK, 41 species were recorded in the 
plantation, of which 85% (35/39) were seen under IT and 54% (22/41) in WT (Table 4.1). 
About 39% (16/41) of the species were common to both IT and WT. Species richness 
was almost double under IT compared to the WT (t(2-tailed) = 4.84, n = 10, p = 0.0001). 
 
In terms of stem-density, woody plants under IT was three times higher than in WT. IT 
accounted for 69% (2233/3246) and WT accounted 31% (1013/3246) of the total stems 
within the plantations (Figure 4.5). At the plantation level in CHM, 77% of the 
individuals (1159/1513) were recorded under IT and 23% of the individuals (354/1513) 
in WT, Stem-density was significantly higher in IT under IT and WT (t(2-tailed) = 7.47, n = 
10, p = 0.0001). High density of Dodonaea viscosa, Ligustrum perrottetii and lantana 
was recorded within the IT; and Pittosporum tetraspermum and Osyris arborea within 
WT.  In NTK, 62% (1074/1733) of the individuals were recorded under IT and 38% 
(659/1733) in WT  . Stem-density was significantly higher in IT than in WT (t(2-tailed) = 
3.06, p= 0.007). V. punctatum and M. indica were abundant within the IT and WT. 
Overall, the presence of IT within the abandoned plantations enhances stem density in 
both plantations, but species increase is noticed only in NTK.  
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Figure 4.5. Cumulative species richness and mean (±se) stem density of woody plants under IT 
= isolated trees, and in WT = without trees across CHM and NTK.  
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Species selection for restoration 
 
Of the tree species found in the plantations and forests, the first 10 species, based on 
density in each site, is considered for its possible use in restoration efforts (Table 4.3). 
These were all heliophyllic, early-successional and bird/mammal-dispersed species. 
These also have a fast growth rate and appear to be influenced by soil penetration, the 
presence of organic carbon and phosphorous in CHM and NTK (see Chapter 3).  
 
Table  4.3. Native species selection based on the successional groups and microsite suitability 
for ecological restoration. (Note – Ranks are based on higher density within the 17-year old 
abandoned tea plantations; Successional groups – fast growing, medium-growing, slow-
growing; heliophilic nature (i.e., Light tolerance level) open-shade, medium-shade, dark-
shade). Bold species are the top 3 in each plantation.  
  
Species Successional groups Dispersal Modes 
Rank species 
CHM (900–
1100 msl) 
Rank species 
NTK (1300–
1400 msl) 
Pittosporum tetraspermum fast/open/ B 1   
Osyris arborea fast/open B 2   
Ligustrum perrottetii fast/open B 3  
Viburnum punctatum medium/open B 4 2 
Santalum album slow/medium-shade B 5   
Gordonia obtusa medium/medium-shade P 6  
Dodonaea viscosa fast/open P 7 6 
Pleurostylia oppositifolia fast/open B 8   
Phyllanthus sp medium/open M 9   
Canthium neilgherrense medium/medium-shade BM 10   
Elaeocarpus serratus medium/medium-shade BtM  9 
Syzygium cumini medium/open BM  10 
Rapanea wightiana fast/medium-shade M  5 
Litsea wightiana medium/medium-shade B  3 
Maesa indica fast/open BM  1 
Clerodendrum cordatum fast/open B   4 
Elaeocarpus munronii medium/medium-shade BM   7 
Canthium dicoccum fast/open BM   8 
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Frame work for  good ecological restoration  
 
Ecological framework 
The ecological framework for restoration is based on proximity of forest, availability of 
trees and perches in the landscape, successional groups of colonisers, dispersal modes, 
presence of invasive species and the elevation at which the land is located. These have 
been discussed in Chapters 2 and 3. The conditions under which these can work include 
both legal and economic factors. The schematic (Figure 4.6) shows the drivers of 
abandonment and pathways of restoration.  
 
Legal framework 
A major driver of the restoration effort is the legal protection that can be offered to the 
land which will help sustain the efforts of ecological restoration. This is possible in 
abandoned areas inside PAs where the land is either leased to the government or owned 
by the plantation and needs to be returned to the forest department as per the Wildlife 
Protection Act 1972 and Protected Area legislation (Figure 4.6). The other areas where 
restoration efforts with livelihood benefits can be attempted exist in ESAs (= EFL) areas 
outside PAs.  
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Figure  4.6. Schematic diagram of abandoned plantations under the two scenarios of PAs and 
outside PAs within the Agasthyamalai region. Highlighted pathways: Dark green – best 
possible ecological restoration; Grey colour – possible by negotiation with stakehodlers and 
dark broken  line – not possible . PAs = Protected Areas; ESAs = Ecological sensitive areas. 
 
In both PAs and ESAs, plantation abandonment facilitates ecological restoration (Figure 
4.6). This is likely since the willingness to move out is prevalent in abandoned 
plantations inside PAs. if good compensation or alternative livelihood is provided. If this 
happens, the ecological restoration approach of retaining shade trees, selectively clearing 
tea bushes and if need be planting of selected species can be done (Table 4.3).  
 
Economics framework 
In Ecologically Sensitive Areas (ESAs) or Ecologically Fragile Lands (EFLs), no other 
land use such as commercial plantations is allowed and the best the plantation managers 
can do is use the land with some green initiatives to minimize the loss due to 
abandonment of tea cultivation. Forest restoration programmes in such areas can use 
ecological restoration framework based on landscape characteristics such as distance to 
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nearest forest, faunal diversity, elevation, and availability of trees in the plantations. Such 
efforts can also be used to create additional opportunities of employment for plantation 
workers, by involving them in restoration activities in parts of the plantations. Such 
efforts can come under Green India Mission (GIM 2011; Mathew 2011) initiatives of the 
government of India where money can be sought to restore landscapes. The remaining 
plantations can then function normally. The restored landscape can be opened up for 
ecotourism that could generate revenue to offset some losses arising from biodiversity 
restoration. Such restored secondary forests also provide leaf litter and fuel woods to the 
local community and additionally NTFPs such as honey, medicinal plants, and lichens; 
which can decrease the dependency on natural forests for their livelihoods. These lands 
can potentially claim compensation for carbon sequestration and REDD+ under the GIM 
program. 
Discussions 
 
The stakeholders of tea plantations identified legal issues pertaining to the tenure of the 
land on which tea is grown as major causes of abandonment of plantations in the 
Agasthyamalai range (Figure 4.1). The tenure on the land especially where it comes 
under a protected area becomes uncertain. While lease lands ideally goes back to the 
forest department, patta lands continue to be usually owned by the individuals or 
companies since the department does not have the financial capacity to buy these lands to 
augment with the protected areas. Tenure of land for restoration is critical where 
available land for tea cultivation is mostly under some kind of conservation area that does 
not usually allow landuse change. In the Agasthyamalai region about 50% of the land 
comes under five Protected Areas (see Chapter 1, Study area) and within this large 
number of tea plantations are nested (Banerjee et al. 2003). The people in these areas also 
lead an uncertain future and the perception of landowners within these PAs and EFL 
showed 60% are willingness to move-out, with similar responses coming from workers 
(Table 4.2). This is in contrast with north east India where plantations are not affected by 
PAs and don’t lie inside them and the issues of abandonment are more due to ethnic 
conflicts prevalent in the area (Borbora 2002; George 1994).   
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The abandoning of tea plantations therefore is a common phenomenon around the 
Agasthyamalai region and offers ample opportunities to bring back the natural forests in 
such area and also address the concerns of plantations owners and workers (Figure 4.6). 
In Trivandrum district itself, about 55% of the plantations were abandoned from 2004 to 
2007 (Chetana et al. 2012). A similar trend of abandonment was observed throughout the 
south Indian tea plantations (Neilson and Pritchard 2009). Many of the plantations when 
left abandoned or unmanaged, experienced different colonisation patterns depending on 
the location of the plantations. For instance, many invasive species, native grass, and 
sometimes tea itself dominated the abandoned and unmanaged plantations as in the 
Agasthyamalai region (see Chapter 3; Chetana and Ganesh 2011).   
 
Ecological Interventions for biodiversity enhancement 
 
Abandoned plantations offer excellent opportunities to restore various forms of native 
biodiversity but considerable effort from the landowners and forest department is needed 
to restore the land to harbour native flora and fauna. The present study suggests how this 
can be done. Having shade trees within the plantation can facilitate a 30-times increase in 
seed deposition from the neighbouring forests compared to places without such trees 
(Figure 4.3). However, deposition of seeds alone is not enough for successful 
establishment. The seeds could be predated, the microsite may not be suitable (Dalling 
and Hubbell 2002), density- and distance-dependent mortality can occur under the shade 
trees (Janzen 1970), and seedling and sapling mortality from pathogens and both 
vertebrate and invertebrate herbivores can limit seed establishment and survival (Holl 
2002; Chapman and Chapman 1999). However, even assuming a substantial loss of seeds 
and seedlings, there still remains a chance for some seeds to establish in many of these 
shade-tree plantations.  
 
Since this study was conducted in a conventional tea plantation where tea leaves were 
plucked and the fields maintained free of weeds, very little regeneration of native species 
was seen. However, in an adjacent plantation which was organic and no weeding was 
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done, there was substantial regeneration of many native species such as Clerodendrum 
cordatum, Maesa indica, Mallotus tetracoccus, Macaranga peltata, Eleaocarpus 
serratus, Litsea sp., and large number of herbs and climbers (unpubl. data). When the 
current site was abandoned for 2 years in 1998, similar regeneration was seen (T. Ganesh, 
pers. comu.), it therefore appears that though post-dispersal factors may constrain 
regeneration, seedling survival is more likely to be curtailed by management practices. 
The even though seed input from forests into tea plantations is observed to improve with 
shade trees. The ability of native species to colonise tea plantations may still be a slow 
process initially until some native fruit-yielding species establish themselves (Corbin and 
Holl 2012) as seen in NTK (see Chapter 3).  
 
Plantations that do not have shade/remnant trees may offer good scope for clearing tea 
bushes and exposing the floor so that many small seed species can potentially colonise 
the area. Also fast-growing species such as M. tetracoccus, M. peltata and M. indica and 
many gap species of E. munronii, E. serratus and Persea macrantha can be sown. There 
is also evidence that primary species such as Cullenia exarillata can grow under the tea 
bushes (T. Ganesh pers. comu.), and have to be sown into the plantations, because of 
their passive dispersal modes. 
 
Similar patterns were also observed within abandoned tea plantations where isolated 
shade trees played a major role in forest species colonisation (Figure 4.5). In the 
plantation at CHM, species richness was not different in the presence or absence of trees, 
but the abundance was three times higher in the presence of isolated trees. The lack of 
differences in species richness at CHM may be due to the presences of lantana that 
facilitate bird dispersal into the plantation and could possibly bring divers native species. 
However, such changes in abundance could be due to the higher seed input under the 
shade trees, due to the frequent use of perches by frugivores birds, which is also seen in 
managed tea plantations with different density of shade trees (Chetana and Ganesh 2012). 
Many abandoned pasture studies emphasise that remnant/perch trees can enhance seed 
input from the surrounding forests (Martinez-Garza et al. 2009; Zanini and Ganade 2005; 
Holl 2002; Holl et al. 2000, 1998). NTK also showed both species richness and stem-
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density to be higher in plots with isolated shade trees (IT) than in plots without trees 
shade trees. This could be because biotic and abiotic limitations on establishment may be 
lower within a perch/shade tree than its surrounding no tree areas. Since, initial colonisers 
can play a significant role in ameliorating harsh micro-climates, stabilising soil and 
providing soil resources for primary succession (Corbin and Holl 2012; Cutler et al. 
2008; Del Moral and Bliss 1993).  
 
A major problem related to abandonment is invasive species colonisation. Field 
observations show that seed arrival is not different between open areas and areas under 
trees in CHM which is extensively invaded by lantana. This could be because of lantana 
facilitating native seed arrival and establishment of seedlings (see Chapter 3). More 
importantly, lantana growth is restricted under trees and one can expect lantana 
undergrowth to decrease. By planting tall saplings of early successional species, we could 
suppress lantana growth (Mudappa and Raman 2010). In cases where tea itself becomes a 
dominant part of the landscape, one has to clear the patches and plant saplings of native 
species or leave cleared patches for colonisation by native species (Figure 4.4; Table 4.3).  
 
In the elevations range of 900–1050 m asl, lantana has taken over 38% of total stems in 
the tea plantation at CHM (see Chapter 3). A similar trend has been observed even in 
recently abandoned tea plantations at Ponmudi (7-year-old) and Bonacaud, where 
invasive species such as Cromolaena odorata, L. camara and Mikania micrantha in 
addition to grass have overgrown  the plantations at elevations of 600 to 1000 m asl 
(Chetana and Ganesh 2011). At elevation above 1350 m asl, overgrown tea plants are 
found and  account for about 50% of the total stems (see Chapter 3). Earlier studies have 
highlighted how invasive species can lead to changes in native species community 
composition (Ramaswami and Sukumar 2011; Gordon 1998). A study from BRT (Biligiri 
Rangana hills) shows that lantana cover changed from 41% to 81% between 1997 and 
2008, leading to a corresponding decline in native species (Sundaram and Hiremath 
2012).  
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Policy interventions 
 
For passive/active restoration prior to abandoning, the trees planted in the plantations 
either for shade or timber or fuel tree needs to be retained and not cut and sold. In the 
case of leased land inside PA, the PA management has to set protocols for land 
abandonment which includes retaining both exotic and native trees (Chetana and Ganesh 
2012). The process of acquiring these trees by the department needs to be determined and 
conservation funding can be sought to buy such trees and help in selective afforestation. 
In addition, small swathes of tea bushes in large plantations can be cleared and planted 
with early successional species such as V. punctatum, M. indica, C. cordatum etc. These 
will act as perches for frugivorous birds which are the source of seeds of the colonisers 
(Holl 1998). The plantations usually have Ficus sp., (usually planted for religious 
reasons) that are excellent foci for frugivore activity, even during non-fruiting periods, 
when they are be used as  roosting and nesting sites thereby facilitating seed dispersal. In 
areas overgrown with invasive and non-invasive species, random clearing and planting of 
fast growing species can catalyse the natural succession process as seen in this study and 
several others (Corbin and Holl 2012; Rey-Benayas et al. 2008). Such mixed restoration 
approaches can be advocated for restoration efforts in both small and large abandoned tea 
plantations.   
 
Many tea plantations in the Agasthyamalai region were owned by companies and few 
were owned by individuals (Neilson and Pritchard 2009). A larger proportion of 
abandoned plantations were small ranging from 100 to 500 ha. In many cases, large tea 
plantations with area >500 ha were converted into smaller plantations of area ranging 
from 1–50 ha. In Rosemala plantations, land was distributed to workers, for their 
livelihood after the lease expired. Such small areas were cultivated with rubber, cinchona, 
coconut and tapioca (in Shendurney wildlife sanctuary). Well-managed tea plantations 
(>1000 ha), maintained the quality of tea (such as organic tea) and secured fair trade 
certifications, which fetched better prices in international markets and therefore 
plantations were not abandoned.  
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Most PAs have plantations either of teak, eucalyptus, tea, coffee and or cardamom. These 
lands are owned by the commercial companies or they are leased lands that belong to the 
government. It is likely that leased land will be restored to the forest department and 
ecological restoration as outlined earlier can be done. It is not always possible to buy land 
owned by the companies because of the high cost (Figure 4.6). In such cases, an eco-
friendly production system needs to be formulated under the Fair trade Labelling 
Organisation and avail organic certification for tea (Mistiaen 2010). Outside PAs, 
ecological restoration can be done only in areas which come under EFL. The remaining 
areas can be used for regulated ecotourism as they are located near natural forests (Figure 
4.6). The economics of such ventures may not be comparable to active tea production 
profits, but it provides relief to a subset of people who otherwise can be marginalised as 
many cannot leave the plantations due to lack of skills for alternative jobs. They are also 
often used to the generally good climate of the estates (Chetana et al. 2012). 
 
Higgs (1997) argues that a good ecological restoration requires an expanded view that 
includes historical, social, cultural, political, aesthetic and moral aspects. According to 
him, expansions are necessary at a practical level to guide practitioners in the pursuit of 
excellence and at a conceptual level to prevent restoration from being swamped by 
technological activities and projects that veer away from ecological fidelity. Traditional 
restoration without understanding the causation of land degradation/abandonment or 
planting trees and enhancing tree cover, may not solve issues of 
degradation/abandonment; such restoration may be only temporarily successful. 
Understanding the issues before starting the restoration and involvement of the local 
community may help to improve ecological fidelity. Higgs explains that ecological 
fidelity is based on three principles – structural/compositional replication, functional 
success and durability. These principles are necessary to produce effective restoration, 
but are not sufficient to provide good restoration. This is true for tea plantations where 
worker livelihoods, tenure rights apart from biodiversity concerns, play a major role on 
having tea or allow forests to return.  
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Chapter 5. Synthesis 
 
Globally millions of hectares of tropical forests have been cleared and established with 
commercial plantations or converted to agriculture. Many of these are abandoned or put 
to alternate use. Abandoned plantations provide opportunities for restoring natural forests 
that compensate to an extent, forest cover depletion in the tropics. However restoration of 
such abandoned land to natural forests involves a complex interplay of ecological, socio-
economic and legal issues. In the Western Ghats, tea plantations have been established in 
the rainforest during the colonial rule and these were owned by individuals or large 
companies. In the post-independence period, especially during globalisation, the tea 
market receded and many small owners could not maintain their plantations due to labour 
and other issues which led to the abandonment of many such plantations. In addition 
plantations established during the British rule are now inside protected areas and they 
face closure once the lease on the land expires or even otherwise. Not only large number 
of plantations have been abandoned (Chetana et al. 2012), the available acreage under tea 
has also been constant for last 5 years (Srinivasan 2012), hinting that no new or 
abandoned areas are coming under tea.  
 
Apart from ecological issues of colonisation, there are social issues of rehabilitating 
people once they lose their livelihoods, the legal rights of landowners, economics of 
abandonment and finally the role of protected areas legislation in abandonment. In areas 
that come under PA, forest managers are keen that the area under plantations should be 
annexed with the PA. However, the sometimes large abandoned areas provide a challenge 
for restoration of native species. This thesis addresses the ecological aspects of 
colonisation by native tree species in 2, 17 year old abandoned plantations at 
Chinnamanjolai (CHM) and Netterikal (NTK) within the Kalakad Mundanthurai Tiger 
Reserve and the social aspects in 15 tea plantations in the Agasthyamalai region. The 
thesis will help in understanding the ecological and social constraints of native species 
colonisation and suggests approaches for restoration from an ecological, legal and social 
perspective that would be helpful for forest and plantation managers.   
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From an ecological perspective I looked at how seed input and existing vegetation inside 
the plantations is affected by forest proximity, functional traits of the native species, 
dispersal modes and frugivore assemblage, exotic species and soil characteristics.  Result 
showed that though 63% of species reach the plantations, the density of seeds in the 
plantations are not very different from that in the forest. There was a negative distance 
effect from forest to plantation for both seed and plant density. Species composition of 
woody plants and seedlings however became less diverse and more homogeneous further 
away from the forest indicating that only a small subset of the species pool is colonising 
the interiors of the plantations. This may be due to lack of enough dispersal happening, 
sapling mortality and also suitable microsite conditions for establishment.   
 
The types of species reaching the plantations are all early-successional species and there 
is a clear limitation in late-successional species even 17 years after abandonment. These 
plantations are less than 6 ha and located within the undisturbed forest, but still face seed 
dispersal limitations even though frugivore assemblages are similar between forests and 
plantations. Therefore in the case of large plantations with forests patches located far 
away, seed dispersal may be severely affected and natural succession of forest may be 
slow and poor in species composition.  In such cases as shown by this study one can think 
of approaches outlined under “Passive or mixed restoration”  
 
The native plant community structure seems to be strongly influenced by the density of 
invasive species especially in the lower elevation plantation (800-1000 m), but not so in 
higher elevations. Over grown tea in higher elevation does not seem to have such 
negative effect on plant communities. On the other hand invasive species do not seem to 
affect seedling recruitment of native species and mortality appears to be happening at the 
woody plants stages. However, seedlings of exotic species do better in lower elevation 
plantation whereas in the wet forest native seedlings do better in plantations.  
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Passive or mixed restoration 
 
Though many small plantations have been abandoned due to various issues as highlighted 
earlier, some large plantations that are on lease land can also be abandoned especially 
those inside PAs. Restoring such large areas is not economically attractive and possible 
interventions like passive or mixed Ecological Restoration models can be suggested. The 
ecological intervention needs to be initiated prior to abandonment in managed tea 
plantations. Since on sensing abandonment tea companies and the labour force attempts 
to exploit the land as much as possible before leaving. Trees that are either planted shade 
trees or even native species are usually cut and this is something that needs to be curtailed 
under ecological restoration. As this study has shown, plantations with varied density of 
shade trees (Grevillea robusta) enhances the arrival of seeds into the plantation from the 
forest thereby increasing the species richness by 3 times and abundance of native seeds 
by almost 30 times compared to plantations that had no trees. In addition density of shade 
trees was important in increasing seed input, altered species composition, and species 
dominance in the plantations. By having such trees the effect of forest proximity can be 
reduced as frugivores contribute 30% of the seeds reaching the plantations in G. robusta 
planted areas even away from forests. Whereas in plantations without G. robusta, seed 
dispersal is restricted to 25 m from forest edge (Chetana and Ganesh 2012). In general 
density of shade trees had a strong influence on seed arrival, which can negate the forest 
proximity effect and enhance natural forest colonisation especially in areas that are far 
from forest even if it has a small subset of the frugivore assemblage. This is particularly 
true in the north east India where tea plantations are far from forests but have adequate 
shade tree cover (pers. obs.).  
 
Even though retaining shade trees may be an option to bring native seeds into the 
plantation, my research shows that in abandoned tea plantations overgrown with invasive 
and non-invasive species; even though seeds arrive, microhabitat conditions may curtail 
germination or enhance mortality at a later stage due to closed canopy as under tea and 
lantana. The undergrowth clearing experiment conducted in the 17 years old tea 
plantations showed that cleared plots received higher number of native species compared 
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to un-cleared control plots. This suggests that minimum clearing in patches need to be 
made to facilitate establishment of native species and selective planting of early 
successional species needs to be encouraged (Raman et al. 2009). In short a combination 
of passive and active such as a mixed restoration efforts are needed to restore areas.  
 
Future of abandoned plantations 
 
Though passive or active restoration can be done on abandoned or to be abandoned areas 
or areas discontinued from tea or plantation activities, the viability of such efforts 
depends on the land tenure of the ‘to be’ restored area. Plantations are abandoned both 
inside PAs and outside PAs. The socio-ecological issues that pertain to restorations can 
be applied in both places.  However, the perceptions of plantation managers to abandoned 
plantations indicates that legal issues such as being inside PAs is making their plantations  
unviable while the workers feel that if suitable compensations are paid they are willing to 
move out. As for plantations outside the PAs, most are not properly managed due to 
labour and union issues apart from economic conditions. In case of plantation outside 
PAs, where socio-economic conditions such as market fluctuation, labor unions, and 
tenure rights are strong drivers for plantation abandonments, a more nuanced approach is 
needed where areas that come under ecologically sensitive zone category, participative 
ecological restoration model may be applied using tea workers and government 
incentives to regain biodiversity and also sustain livelihoods. 
 
Markets are dynamic and when writing this synthesis I see tea plantations are recovering 
from the market slump. The quality of Indian tea has improved to meet both national and 
international standards and average price of black tea has increased and stabilised 
(Preetha 2012). However the acreage of tea has remained the same for last 5 years but 
with the current change in economic status of tea, the area under tea can increase 
especially outside the PAs and on non EFL lands. Even inside PA, companies holding 
large areas and having huge labour force even under lease will seek to renew the lease 
under the guise of livelihood security for its labourer’s along with social and economic 
benefits for the company and the country in general. Such companies will need to invest 
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on a more eco-friendly growing practices and give greater impetus to biodiversity 
conservation for them to sustainably exist in such landscapes. International buyers insist 
on quality, social equity and environmental friendly practices for them to accept tea from 
growers in India and elsewhere. The recent rainforest alliance guidelines under 
sustainable agricultural network (SAN), has emphasised on the importance of eco-
friendly agricultural practices and biodiversity conservation priorities for their 
certification within the tea and coffee plantation in India (Mudappa and Raman 2012; 
SAN 2012). These will enforce ‘good’ practices of tea production that hopefully will be 
conducive for a win-win situation for tea growers, forest managers, and biodiversity 
conservation.    
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Appendix 2.1.  List of species recorded in the litter and soil seed banks of plantations and forests at Chinnamanjolai (CHM) and Netterikal 
(NTK). 
 
Scientific name Family Dispersal 
 modes 
CHM NTK 
Forest Tea Forest Tea 
LSB SSB LSB SSB LSB SSB LSB SSB 
Acronychia pedunculata (L.) Miq. Rutaceae BtM + + + 
 
+ + + + 
Ageratum conyzoides L. Asteraceae P 
   
+ 
 
+ 
 
+ 
Aglaia bourdillonii Gamble. Meliaceae M 
    
+ 
   
Agrostistachys borneensis Becc. Euphorbiaceae P + 
   
+ 
 
+ 
 
Agrostistachys indica Dalz. Euphorbiaceae P + 
       
Antidesma menasu (Tul.) Miq. ex Muell.-Arg. Euphorbiaceae B 
 
+ 
  
+ 
   
Ardisia pauciflora Heyne ex Roxb. Myrsinaceae M 
    
+ 
 
+ 
 
Aristolochia indica L. Aristolochiaceae P 
     
+ 
  
Artocarpus heterophyllus Lam. Moraceae M 
    
+ 
   
Beilschmiedia wightii (Nees) Benth. ex J.Hk.  Lauraceae B 
    
+ 
 
+ 
 
Bentinckia condapanna Berry ex Roxb. Arecaceae M 
  
+ 
 
+ 
   
Bidens pilosa L. Asteraceae P 
     
+ 
 
+ 
Bischofia javanica Blume. Bischofiaceae M + 
       
Borreria sp. Rubiaceae P 
 
+ 
 
+ 
 
+ 
 
+ 
Breynia vitis-idea (Burm.f.) Fischer. Euphorbiaceae B 
 
+ + + 
  
+ + 
Buchanania lanzan Spreng.  Anacardiaceae M + 
   
+ 
 
+ 
 
Callicarpa tomentosa (L.) Murr. Verbenaceae B 
       
+ 
Calophyllum austroindicum Kosterm. ex Stevens. Guttiferae Bt 
    
+ 
   
Caryota urens L. Arecaceae M + 
 
+ 
 
+ 
   
Chionanthus malabarica Bedd.  Oleaceae B 
    
+ 
   
Cinnamomum malabatrum (Burm.f.) Blume. Lauraceae B + 
   
+ 
   
Clerodendrum cordatum D. Don.  Verbenaceae B 
  
+ 
 
+ + + + 
  
2
 
Coffea Arabica L. Rubiaceae M 
    
+ 
   
Connarus wightii Hook.f Connaraceae B 
    
+ 
 
+ 
 
Crassocephalum sp. Asteraceae P 
     
+ 
  
Cullenia exarillata A. Robyns. Bombacaceae  P 
    
+ 
   
Cyanotis sp. Commelinaceae M 
     
+ 
 
+ 
Cyclea barbata Miers. Menispermaceae B 
  
+ 
   
+ 
 
Debregeasia longifolia (Burm. f.) Wedd. Utricaceae B 
   
+ 
 
+ 
  
Desmodium sp. Fabaceae P 
       
+ 
Dioscorea sp. Dioscoreaceae P 
       
+ 
Diospyros peregrine (Gaertn.) Gürke.   Ebenaceae  M + 
 
+ 
 
+ 
   
Diospyros sp. Ebenaceae  M + 
       
Dodonaea viscosa (L.) Jacq.   Sapindaceae P + + + + 
  
+ 
 
Elaeagnus conferta Roxb. Elaeagnaceae M + 
 
+ 
 
+ 
 
+ 
 
Elaeocarpus munronii (Wt.) Mast. Elaeocarpaceae BM + 
 
+ 
 
+ 
 
+ 
 
Elaeocarpus serratus L. Elaeocarpaceae BtM + 
 
+ 
 
+ 
 
+ 
 
Elaeocarpus tuberculatus Roxb. Elaeocarpaceae BtM 
    
+ 
 
+ 
 
Elaeocarpus oblongus Gaertn. Elaeocarpaceae M + 
 
+ 
     
Embelia basaal (Roem. & Schult.) A. DC.  Myrsinaceae M + 
 
+ 
 
+ 
   
Embelia ribes Burm.f. Myrsinaceae M + 
   
+ 
 
+ 
 
Erythropalum scandens Blume. Olacaceae B 
    
+ 
   
Ficus religiosa L. Moraceae BM 
 
+ 
 
+ 
   
+ 
Ficus sp1. Moraceae BM 
 
+ 
 
+ 
 
+ 
 
+ 
Ficus sp2. Moraceae BM + 
 
+ 
     
Ficus virens Ait. var. lambertiana (Miq.) Raizada. Moraceae BM 
   
+ 
    
Galinsoga ciliate (Rafin.) Blake. Compositae P 
       
+ 
Garcinia gummi-gutta (L.) Robs. Clusiaceae M + 
       
Glochidion sp. Euphorbiaceae P + 
       
Gnetum ula Brongn. Gnetaceae M + 
 
+ 
     
  
3
 
Gomphandra coriacea Wt.  Icacinaceae BM + 
       
Gordonia obtusa Wall. ex Wt. & Arn. Theaceae P + 
 
+ + 
    
Holigarna nigra Bourd.  Anacardiaceae M + 
       
Hydnocarpus alpine Wt. Flacourtiaceae M 
    
+ 
   
Hydrocotyle rotundifolia Roxb.  Umbelliferae P 
       
+ 
Isonandra lanceolata Wt.  Sapotaceae B 
    
+ 
   
Lantana camara L. Verbenaceae BM 
 
+ + + + + + + 
Leucas sp. Labiatae P 
       
+ 
Ligustrum perrottetii A. DC. Oleaceae BM + + + + 
  
+ 
 
Litsea mysorensis Gamble. Lauraceae B + 
   
+ 
 
+ 
 
Litsea sp. Lauraceae B + 
       
Litsea wightiana (Nees) Hook.f. Lauraceae B + 
 
+ 
 
+ 
 
+ 
 
Ludwigia perennis L. Onagraceae P 
     
+ 
 
+ 
Macaranga peltata (Roxb.) Mueller. Euphorbiaceae B + + + 
 
+ + + + 
Maesa indica (Roxb.) DC.  Myrsinaceae BM 
 
+ 
   
+ + + 
Mallotus philippensis (Lam.) Muell.-Arg. Euphorbiaceae B + 
 
+ + 
    
Mallotus tetracoccus (Roxb.) Kurz.  Euphorbiaceae B 
    
+ + + + 
Mastixia arborea (Wight) C. B. Clarke.  Cornaceae M + 
 
+ 
 
+ 
   
Miliusa wightiana Hook.f. & Thomson. Annonaceae BM 
    
+ 
   
Mitracarpus villosus (Sw.)DC. Rubiaceae P 
 
+ 
 
+ 
    
Myristica beddomei King. Myristicaceae M + 
   
+ 
   
Neolitsea sp. Lauraceae B 
 
+ 
      
Nothopegia colebrookeana (Wight) Blume.  Anacardiaceae BM 
  
+ 
     
Nothopegia travancorica Bedd. ex Hook.  Anacardiaceae BM 
    
+ 
   
Oldenlandia pusilla Rottler. Rubiaceae P 
     
+ 
  
Olea glandulifera Wall. ex G. Don. Oleaceae P + 
       
Osyris arborea Wall. Santalaceae B + + + + + 
   
Oxalis corniculata L. Geraniaceae P 
 
+ 
 
+ 
 
+ 
 
+ 
  
4
 
Passiflora edulis Sims. Passifloraceae BM 
     
+ + 
 
Persea macrantha (Nees) Kosterm. Lauraceae BM + 
   
+ 
 
+ 
 
Phoenix loureiroi Kunth. Arecaceae M 
    
+ 
   
Phyllanthus reticulatus Poiret. Euphorbiaceae B 
 
+ 
   
+ 
 
+ 
Phyllanthus sp. Euphorbiaceae M + 
 
+ 
     
Pilea microphylla (L.) Liebm. Urticaceae P 
   
+ 
 
+ 
 
+ 
Piper sp. Piperaceae M + 
   
+ 
 
+ 
 
Pittosporum tetraspermum Wt. & Arn. Pittosporaceae B + + + 
 
+ 
   
Pleurostylia opposite (Wall.) Alston. Celastraceae B + + + 
     
Prunus ceylanica (Wt.) Miq. Rosaceae BM 
    
+ 
 
+ 
 
Psidium guajava L. Myrtacea BM 
  
+ 
   
+ 
 
Psychotria sp. Rubiaceae M 
  
+ 
     
Psychotria sp. Rubiaceae B + 
 
+ 
 
+ + + 
 
Psydrax dicoccus var. dicoccus Gaertn. Rubiaceae BM 
      
+ 
 
Pterocarpus marsupium Roxb. Fabaceae P + 
       
Rubus rugosus Smith var. thwaitesii Focke. Rosaceae BM 
   
+ 
  
+ + 
Santalum album Linn. Santalaceae B 
  
+ 
     
Saprosma corymbosum (Bedd.) Bedd. Rubiaceae BM + 
   
+ 
   
Sarcandra chloranthoides Gard. Chloranthaceae BM 
    
+ 
   
Scleria sp. Cyperaceae P 
     
+ 
  
Scolopia crenata (Wright & Arn.) Clos var. brevifolia.  Flacourtiaceae M + 
 
+ 
 
+ 
 
+ 
 
Sida rhombifolia L. var. retusa (L.) Borss. Malvaceae P 
   
+ 
 
+ 
 
+ 
Solanum americanum Mill. Solanaceae B 
 
+ 
   
+ 
  
Solanum vagum Heyne ex Nees Solanaceae B 
       
+ 
Sopubia delphiniifolia (L.) G.Don var.  Scrophulariaceae P 
       
+ 
Stenosiphonium russellianum Nees. Acanthaceae P 
 
+ 
   
+ 
 
+ 
Symplocos cochinchinensis (Lour.) S.Moore ssp.(Retz.). Symplocaceae BM + + + 
 
+ 
 
+ 
 
Synedrella nodiflora (L.) Gaertn. Compositae P 
 
+ 
 
+ 
 
+ 
 
+ 
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Synedrella sp. Compositae P 
 
+ 
      
Syzygium cumini (L.) Skeels. Myrtaceae BM + 
 
+ 
 
+ 
 
+ 
 
Syzygium sp. Myrtaceae BM 
    
+ 
   
Tecoma stans (L.) Kunth. Bignoniaceae P 
   
+ 
   
+ 
Tetrastigma leucostaphylum (Dennst.) Alston. Vitaceae M + 
   
+ 
 
+ 
 
Toddalia asiatica (L.) Lam. Rutaceae BM + 
   
+ + 
  
Trema orientalis (L.) Blume. Ulmaceae BM 
 
+ 
 
+ 
 
+ 
 
+ 
Trichilia connaroides (Wight & Arn.) Bentvelzen. Meliaceae BM 
    
+ 
   
Tylophora subramanii Henry. Asclepiadaceae P 
    
+ 
   
Urena lobata L. Malvaceae M 
  
+ 
 
+ 
   
Viburnum punctatum Ham. ex G.Don.  Caprifoliaceae BM + 
 
+ + + 
 
+ 
 
Vitex altissima L.f.  Verbenaceae BM 
  
+ 
 
+ 
   
Zanthoxylum tetraspermum Wight & Arn.  Rutaceae BM 
    
+ 
   
Ziziphus oenoplia (L.) Mill.  Rhamnaceae M 
    
+ 
   
Grass sp1. Poaceae P 
 
+ 
 
+ 
 
+ 
 
+ 
Grass sp2. Poaceae P 
 
+ 
 
+ 
 
+ 
 
+ 
Grass sp3. Poaceae P 
 
+ 
 
+ 
   
+ 
unid.sp1 Scrophulariaceae P 
     
+ 
  
unid.sp2 Sterculiaceae 
      
+ 
 
+ 
unid.sp3 Symplocaceae 
  
+ 
  
+ 
 
+ 
 
unid.sp4 Urticaceae 
  
+ 
      
unid.sp5 Asteraceae 
  
+ 
 
+ 
 
+ 
 
+ 
unid.sp6 Cyperaceae 
  
+ 
 
+ 
 
+ + + 
unid.sp7 Euphorbiaceae 
 
+ + 
   
+ 
 
+ 
unid.sp8 Fabaceae 
  
+ 
 
+ 
  
+ + 
unid.sp9 Loranthaceae 
     
+ 
   
unid.sp10 Myrsinaceae 
     
+ 
   
unid.sp11 Commelinaceae 
  
+ 
   
+ 
 
+ 
  
6
 
unid.sp12 Unid 
        
+ 
unid.sp13 Unid 
     
+ 
   
unid.sp14 Unid 
    
+ 
    
unid.sp15 Unid 
  
+ 
 
+ 
    
unid.sp16 Unid 
 
+ 
 
+ 
     
unid.sp17 Unid 
        
+ 
unid.sp18 Unid 
     
+ 
   
unid.sp19 Unid 
   
+ 
     
unid.sp20 Unid 
  
+ 
 
+ 
 
+ 
 
+ 
unid.sp21 Unid 
       
+ 
 
unid.sp22 Unid 
   
+ 
 
+ 
 
+ 
 
unid.sp23 Unid 
 
+ 
 
+ 
 
+ 
 
+ 
 
unid.sp24 Unid 
 
+ 
 
+ 
 
+ 
   
unid.sp25 Unid 
 
+ 
 
+ 
 
+ 
   
unid.sp26 Unid 
       
+ 
 
unid.sp27 Unid 
 
+ 
 
+ 
     
unid.sp28 Unid 
   
+ 
     
unid.sp29 Unid 
   
+ 
     
unid.sp30 Unid 
   
+ 
     
unid.sp31 Unid 
 
+ 
 
+ 
 
+ 
   
unid.sp32 Unid 
 
+ 
 
+ 
     
unid.sp33 Unid 
 
+ 
   
+ 
 
+ 
 
unid.sp34 Unid 
 
+ 
 
+ 
     
unid.sp35 Unid 
     
+ 
   
unid.sp36 Unid 
 
+ 
   
+ 
   
unid.sp37 Unid 
       
+ 
 
unid.sp38 Unid 
 
+ 
   
+ 
   
unid.sp39 Unid 
   
+ 
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unid.sp40 Unid 
   
+ 
     
unid.sp41 Unid 
     
+ 
   
unid.sp42 Unid 
     
+ 
   
unid.sp43 Unid 
       
+ 
 
unid.sp44 Unid 
     
+ 
   
unid.sp45 Unid 
     
+ 
   
unid.sp46 Unid 
 
+ 
       
unid.sp47 Unid 
     
+ 
   
unid.sp48 Unid 
 
+ 
       
unid.sp49 Unid 
 
+ 
       
unid.sp50 Unid 
   
+ 
     
unid.sp51 Unid 
     
+ 
 
+ 
 
unid.sp52 Unid 
  
+ 
 
+ 
 
+ 
  
unid.sp53 Unid 
  
+ 
 
+ 
 
+ 
 
+ 
unid.sp54 Unid 
      
+ 
 
+ 
unid.sp55 Unid 
        
+ 
unid.sp56 Unid 
        
+ 
unid.sp57 Unid 
    
+ 
 
+ 
  
unid.sp58 Unid 
        
+ 
unid.sp59 Unid 
 
+ 
   
+ 
 
+ 
 
unid.sp60 Unid 
     
+ 
 
+ 
 
unid.sp61 Unid 
     
+ 
   
unid.sp62 Unid 
    
+ + 
 
+ 
 
unid.sp63 Unid     +             
unid.sp64 Unid 
  
+ 
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Appendix 2.2a. List of avian frugivores recorded in plantations and forests at CHM and NTK.  
 
S.No Common name Scientific name Code 
CHM NTK 
Forest Tea Forest Tea 
1 Black bulbul Hypsipetes leucocephalus BBUL + + + + 
2 Eurasian blackbird Turdus merula EBLACK + + + 
3 Fairy-bluebird Irena puella FBLU + + 
4 Indian scimitar babbler Pomatorhinus horsfieldii INSCHI + + + 
5 Kerala laughing thrush Garrulax fairbanki KLTHR + + + 
6 Mountain imperial pigeon Ducula badia MIMP + + + 
7 Nilgiri flycatcher Eumyiasalbi caudatus NLFLYC + + 
8 Oriental white eye Zosterops palpebrosus OWTE + + + 
9 Red-whiskered bulbul Pycnonotus jocosus RBUL + + + + 
10 Rosefinch Carpodacus erythrinus RFINC + + + 
11 Red-vented bulbul  Pycnonotus cafer RVBUL + + 
12 Wynaad laughing thrush Garrulax delesserti WLTHR + + 
13 White-cheeked barbet  Megalaima viridis WTBAR + + + + 
14 Yellow-browed bulbul Acritillas indica YBUL + + + + 
 
Appendix 2.2b. List of mammalian frugivores encountered at CHM and NTK. 
 
S. No. Common name Scientific name CHM NTK 
Non-flying mammals  
1 Brown palm civet Paradoxurus jerdoni + + 
2 Sloth bear Ursus ursinus + + 
Flying mammals 
1 Cynopterus sphinx + + 
2 Cynopterus brachyotis + 
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Appendix 3.1. List of species,  their succession groups.  ‘+’ indicates species presences at Chinnamanjolai (CHM) and Netterikal (NTK) of 
Woody plants (WP) and Woody seedlings (WS). 
 
Species name Family 
 
Codes 
Successional 
groups 
CHM NTK 
WP WS WP WS 
Nageia wallichiana (C.Presl.) Kuntze Podocarpaceae nag.wal Late     +   
Acronychia pedunculata (L.) Miq. Rutaceae acr.ped Early + + + + 
Actinodaphne bourdillonii Gamble Lauraceae act.bou Early   + + + 
Aglaia bourdillonii Gamble Meliaceae agl.bour Late + + +   
Agrostistachys borneensis Becc. Euphorbiaceae agr.bor Late     +   
Alseodaphne semecarpifolia Nees var. angustifolia Meisner Lauraceae als.sem Early     +   
Antidesma menasu (Tul.) Miq. ex Muell.-Arg. Euphorbiaceae ant.men Early     +   
Apama siliquosa Lam. Aristolochiaceae apa.sil Early     + + 
Ardisia pauciflora Heyne ex Roxb. Myrsinaceae ard.pau Late +   + + 
Artocarpus heterophyllus Lam. Moraceae art.het Late +       
Beilschmiedia wightii (Nees) Benth. Lauraceae bei.wig Late     +   
Breynia vitis-idaea (Burm.f.) Fischer Euphorbiaceae bre.vit Early + +   + 
Bridelia retusa (L.) Spreng. Euphorbiaceae bri.ret Early +       
Calophyllum austroindicum Kosterm. ex P. F. Stevens Clusiaceae cal.aus Late     +   
Camellia sinensis (L.) Kuntze Theaceae cam.sin Non-invasive + + + + 
Psydrax dicoccos Gaertn. Rubiaceae psy.dic Early     +   
Canthium parviflorum Lam. Rubiaceae can.par Early +       
Caryota urens L. Arecaceae car.ure Early + +     
Caseria esculenta Roxb. Flacourtiaceae cas.esc Early     + + 
Cassia fistula L. Caesalpiniaceae cas.fis Early + +   + 
Chasallia curviflora (Wall.) Thw.  Rubiaceae cha.cur Early +       
Chionanthus malabarica (Wall. ex G. Don)  Oleaceae chi.mal Late +       
Cinnamomum keralaense Kosterm. Lauraceae chi.ker Late +   +   
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Cinnamomum malabatrum (Burm.f.) Blume Lauraceae cin.mal Late +   + + 
Clerodendrum cordatum D. Don Verbenaceae cle.card Early     + + 
Cryptocarya lawsonii Gamble Lauraceae cry.law Late +   +   
Cullenia exarillata A.Robyns Bombacaceae  cul.exa Late     + + 
Cyclea barbata Miers Menispermaceae cyc.bar Early   +     
Didyplosandra lurida (Wight) Bremek.  Acanthaceae  did.lur Early     +   
Dimocarpus longan Lour.   Sapindaceae dim.lon Early +       
Diospyros buxifolia (Blume) Hiern Ebenaceae  dim.bux Early +       
Diospyros sp. Ebenaceae  dio.sp Early   + + + 
Dodonaea viscosa (L.) Jacq.   Sapindaceae dod.vis Early + + +   
Drypetes longifolia (Blume) Pax & K. Hoffm.  Euphorbiaceae dry.lon Late     +   
Elaeocarpus munronii (Wight) Mast. Elaeocarpaceae ela.mun Early   + + + 
Elaeocarpus serratus L. Elaeocarpaceae ela.serr Early +   + + 
Embelia ribes Burm.f. Myrsinaceae emb.rib Early       + 
Erythroxylum lanceolatum (Wight) Walp. Erythroxylaceae ery.lan Early     +   
Erythroxylum moonii Hochr.  Erythroxylaceae ery.moo Late + +     
Erythroxylum obtusifolium (Wight) Hook.  Erythroxylaceae ery.obt Early +       
Eugenia floccose Bedd. Myrtaceae eug.flo Early +   +   
Eugenia thwaitesii Duthie Myrtaceae eug.thw Late + + + + 
Flacourtia Montana Graham Flacourtiaceae fla.mon Late +       
Glochidion fagifolium Bedd. Euphorbiaceae glo.fag Early +   +   
Gnidia glauca (Fresen.) Gilg var. glauca Thymelaeaceae gni.gla Early +       
Gomphandra coriacea Wight Icacinaceae com.cor Late +   +   
Gordonia obtuse Wall ex Wight Arn. Theaceae gor.obt Early + + + + 
Hydnocarpus alpine Wight Flacourtiaceae hyd.alp Late     +   
Isonandra lanceolata Wight forma lanceolata Sapotaceae  iso.lan Early +       
Ixora nigricans R.Br. ex Wight & Arn. Rubiaceae ixo.nig Early     +   
Lantana camara L. Verbenaceae lan.cam Invasive + + + + 
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Ligustrum perrottetii DC. Oleaceae lig.perr Early + + + + 
Lasianthus sp. Rubiaceae lasi.sp Early     +   
Litsea beddomei Hook.f. Lauraceae lit.bed Late +   +   
Litsea mysorensis Gamble  Lauraceae lit.mys Early + + + + 
Litsea sp. Lauraceae lit.sp Early +       
Litsea wightiana (Nees) Hook. f.  Lauraceae lit.wig Early + + + + 
Macaranga peltata (Roxb.) Muell Arg. Euphorbiaceae mac.pel Early     +   
Maesa indica (Roxb.) DC. Myrsinaceae mae.ind Early + + + + 
Mallotus philippensis (Lam.) Muell.-Arg. Euphorbiaceae mal.phil Early +       
Mallotus tetracoccus (Roxb.) Kurz Euphorbiaceae mal.tet Early + + +   
Mangifera indica L. Anacardiaceae man.ind Late +       
Memecylon gracile Bedd. Melastomataceae mem.gra Early     +   
Memecylon umbellatum Burm. Melastomataceae mem.umb Early +       
Mesua ferrea L.  Clusiaceae mes.fer Late +       
Michelia nilagirica Zenk. Magnoliaceae mic.nil Early +       
Mundulea sericea (Willd.) A. Cheval Fabaceae mun.ser Early +       
Murraya paniculata (L.) Jack Rutaceae mur.pan Early + + + + 
Myristica beddomei King Myristicaceae myr.bed Late + + + + 
Neolitsea fischeri Gamble Lauraceae neo.fis Early     +   
Neolitsea foliosa (Nees) Gamble var. caesia (Meisner) Gamble Lauraceae neo.foli Early +   + + 
Nothopegia sp. Anacardiaceae noth.sp Early +   +   
Ochna obtusata DC. var. obtusata Ochnaceae och.obt Early +       
Olea dioica Roxb. Oleaceae ole.dio Late     +   
Ormosia travancorica Bedd. Fabaceae orm.tra Late +       
Osyris arborea Wall. ex DC. Santalaceae osy.arb Early + +     
Persea macrantha (Nees) Kosterm. Lauraceae per.mac Early     +   
Phoebe lanceolata Nees Lauraceae pho.lan Late     +   
Phyllanthus sp. Euphorbiaceae phyl.sp Early +       
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Pittosporum neelgherrense Wight & Arn. Pittosporaceae pit.neel Early   +     
Pittosporum tetraspermum Wight & Arn.  Pittosporaceae pit.tetr Early + +     
Pleurostylia opposite (Wall.) Alston Celastraceae pleu.opp Early +       
Psidium guajava L. Myrtaceae psi.gua Invasive + + + + 
Psychotria sp. Rubiaceae psy.sp Early +   + + 
Rapanea wightiana Mez. Myrsinaceae rap.wigh Early +   + + 
Rubus sp1. Rosaceae rub.sp1 Early     +   
Rubus sp2. Rosaceae rub.sp2 Early       + 
Santalum album L. Santalaceae san.alb Early +       
Saprosma corymbosum (Bedd.) Bedd. Rubiaceae sap.car Late       + 
Sarcandra chloranthoides Gard. Chloranthaceae sar.chl Late       + 
Scolopia crenata (Wight & Arn.) Clos var. crenata  Flacourtiaceae sco.cre Late + + + + 
Smilax zeylanica L. Smilacaceae smi.zey Early   +   + 
Symplocos cochinchinensis (Lour.) S.Moore. Symplocaceae sym.coch Early + + + + 
Symplocos sp. Symplocaceae sym.sp Early +   +   
Syzygium caryophyllatum (L.) Alston Myrtaceae syz.cary Early +       
Syzygium cumini (L.) Skeels Myrtaceae syz.cum Early + + +   
Syzygium spp. Myrtaceae syz.sp Early + +   + 
Tarenna asiatica (L.) Kuntze ex K. Schum.  Rubiaceae tar.asi Early +       
Toddalia asiatica (L.) Lam. Rutaceae tod.asi Early       + 
Trema orientalis (L.) Blume Ulmaceae tre.ori Early +       
Tricalysia apiocarpa (Dalz.) Gamble Rubiaceae tri.apio Early +   +   
Trichilia connaroides (Wight & Arn.) Bentvelzen Meliaceae tri.con Early   +   + 
Vepris bilocularis (Wt. & Arn.) Engl. Rutaceae vep.bilo Late +       
Viburnum punctatum  Buch. - Ham. ex D. Don Caprifoliaceae vib.pun Early + + + + 
Vitex altissima L.f. Verbenaceae vit.alt Early +       
Wendlandia thyrsoidea (Schultes) Steud. Rubiaceae wen.thy Early +       
Ziziphus oenoplia (L.) Mill. Rhamnaceae  ziz.oen Early + +     
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Piper sp. Piperaceae pip.sp Early       + 
Unid sp1 Loranthaceae unid Unid       + 
Unid sp2 Meliaceae unid Early +       
Unid sp3 Caesalpinaceae unid Early +       
Unid sp4 Rutaceae unid Unid   +     
Unid sp5 Unid unid Early +       
Unid sp6 Unid unid Early       + 
Unid sp7 Unid unid Late   +   + 
Unid sp8 Unid unid Early +       
Unid sp9 Unid unid Early     +   
Unid sp10 Unid unid Early +       
Unid sp11 Unid unid Unid   +   + 
Unid sp12 Unid unid Unid       + 
Unid sp13 Unid unid Unid       + 
Unid sp14 Unid unid Unid       + 
Unid sp15 Unid unid Unid   +     
Unid sp16 Unid unid Unid   +     
Unid sp17 Unid unid Unid   +     
Unid sp18 Unid unid Unid   +     
Unid sp19 Unid unid Unid   +     
Unid sp20 Unid unid Unid       + 
Unid sp21 Unid unid Unid   +     
Unid sp22 Unid unid Unid   +     
Unid sp23 Unid unid Unid   +     
Unid sp24 Unid unid Unid   +     
Unid sp25 Unid unid Unid   +     
Unid sp26 Unid unid Unid   +     
Unid sp27 Unid unid Unid   +     
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Unid sp28 Unid unid Unid   +     
Unid sp29 Unid unid Unid   +     
Unid sp30 Unid unid Unid   +     
Unid sp31 Unid unid Unid       + 
Unid sp32 Unid unid Unid   +     
Unid sp33 Unid unid Unid   +     
Unid sp34 Unid unid Unid   +     
Unid sp35 Unid unid Unid   +     
Unid sp36 Unid unid Unid   +     
Unid sp37 Unid unid Unid   +     
Unid sp38 Unid unid Unid   +     
Unid sp39 Unid unid Unid   +     
Unid sp40 Unid unid Unid   +     
Unid sp41 Unid unid Unid   +     
Unid sp42 Unid unid Unid   +     
Unid sp43 Unid unid Unid   +     
Unid sp44 Unid unid Unid   +     
Unid sp45 Unid unid Unid   +     
Unid sp46 Unid unid Unid   +     
Unid sp47 Unid unid Unid   +   + 
Unid sp48 Unid unid Unid   +     
Unid sp49 Unid unid Unid       + 
Unid sp50 Unid unid Unid   +     
Unid sp51 Unid unid Unid       + 
Unid sp52 Unid unid Unid       + 
Unid sp53 Unid unid Unid       + 
Unid sp54 Unid unid Unid       + 
Unid sp55 Unid unid Unid       + 
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Unid sp56 Unid unid Unid   +   + 
Unid sp57 Unid unid Unid +       
Unid sp58 Unid unid Unid +       
Unid sp59 Unid unid Unid +       
Unid sp60 Unid unid Unid     +   
Unid sp61 Unid unid Unid +       
Unid sp62 Unid unid Unid     +   
Unid sp63 Unid unid Unid +       
Unid sp64 Unid unid Unid +       
Unid sp65 Unid unid Unid +       
Unid sp66 Unid unid Unid +       
Unid sp67 Unid unid Unid +       
Unid sp68 Unid unid Unid +       
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Appendix 4.1. List of forest species recorded from litter seed bank in forests and tea 
plantations. The locations from where the seeds of each species were collected are also given. 
(F = forest; CST = continuous shade tree; IST = isolated shade tree; WST = without shade tree 
Unid = unidentified). 
 
Species Family Plantation types 
Acronychia pedunculata (L.) Miq. Rutaceae F/CST 
Agrostistachys borneensis Becc. Euphorbiaceae F 
Ardisia spp. Myrsinaceae F 
Beilschmiedia wightii (Nees) Benth. ex Hook.f.  Lauraceae F/CST 
Calophyllum austroindicum Kosterm. ex Stevens Guttiferae F 
Cinnamomum malabatrum (Burm.f.) Bl. Lauraceae F 
Clerodendrum odoratum D.Don Verbenaceae F/CST/IST/WST 
Cullenia exarillata Robyns Bombacaceae  F 
Cyclea peltata (Lam.) Hook.f.  & Thoms. Menispermaceae IST/WST 
Diospyros malabarica (Desr.) Kostel. Ebenaceae  F 
Elaeagnus spp. Elaeagnaceae F 
Embelia ribes Burm.f. Myrsinaceae F 
Elaeocarpus munronii (Wt.) Mast. Elaeocarpaceae F/CST/IST/WST 
Epiprinus mallotiformis (Mueller) Croiz. Euphorbiaceae F 
Elaeocarpus serratus L. Elaeocarpaceae F/CST/IST/WST 
Elaeocarpus venustus Bedd. Elaeocarpaceae CST 
Holigarna nigra Bourd. Anacardiaceae F 
Litsea insignis Gamble Lauraceae F 
Litsea wightiana (Nees) Hook.f. Lauraceae F/CST/IST 
Macaranga peltata (Roxb.) Muell.Arg. Euphorbiaceae F/CST/IST/WST 
Maesa indica (Roxb.) DC. Myrsinaceae F 
Mallotus tetracoccus (Roxb.) Kurz Euphorbiaceae F/CST/IST/WST 
Mastixia arborea (Wight) Bedd. Cornaceae F 
Miliusa wightiana Hook.f. & Thoms. Annonaceae F 
Myristica beddomei King Myristicaceae F 
Neolitsea cassia (L.) Kosterm. Lauraceae F 
Palaquium ellipticum (Dalz.) Baill. Sapotaceae  F 
Piper spp. Piperaceae F 
Prunus ceylanica (Wight) Miq. Rosaceae F 
Rapanea wightiana Mez Myrsinaceae F 
Calamus spp. Arecaceae F 
Sarcandra chloranthoides Gard. Chloranthaceae F 
Symplocos cochinchinensis (Lour.) S.Moore. Symplocaceae F/CST/IST 
Syzygium cumini (L.) Skeels Myrtaceae F 
Syzygium mundagam (Bourd.) Chitra Myrtaceae F/CST 
Toddalia asiatica (L.) Lam. Rutaceae F 
Viburnum punctatum Buch.-Ham. ex D. Don Caprifoliaceae F 
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Unid spp. Loranthaceae F 
Unid spp. Unid F/CST 
 
 
Appendix 4.2. List of forest species recorded from cleared and control plot experiment after 
569 ±3 days  
 
Species Family Succession groups Cleared  
 plots 
Control  
plots 
Clerodendrum odoratum D.Don  Verbenaceae early-succession +   
Maesa indica (Roxb.) DC. Myrsinaceae early-succession + + 
Symplocos cochinchinensis (Lour.) S.Moore. Symplocaceae early-succession   + 
Viburnum punctatum Buch.-Ham. ex D. Don Caprifoliaceae early-succession +   
Syzygium sp. Myrtaceae early-succession + + 
Rubus sp. Rosaceae early-succession +   
Lantana camara L. var. aculeata (L.) Mold. Verbenaceae invasive +   
Psidium guajava L. Myrtaceae invasive +   
Camellia sinensis (L.) Kuntze Theaceae non invasive + + 
Unid.sp Unid     + 
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Appendix 4.3. List of forest species recorded under isolated trees (IT) and without tree (WT) within the plantations. 
 
Species Family 
CHM NTK 
IT WT IT WT 
Acronychia pedunculata (L.) Miq. Rutaceae       + 
Antidesma menasu (Tul.) Miq. ex Muell.-Arg. Euphorbiaceae       + 
Artocarpus heterophyllus Lam. Moraceae   +     
Breynia vitis-idea (Burm.f.)Fischer Euphorbiaceae + + +   
Bridelia retusa (L.) Spreng. Euphorbiaceae   +     
Camellia sinensis (L.) Kuntze Theaceae + + + + 
Canthium dicoccum (Gaertn.) Teys. & Binn. Rubiaceae +   + + 
Canthium parviflorum Lam. Rubiaceae   +     
Caseria esculenta Roxb. Flacourtiaceae     +   
Cassia fistula L. Caesalpiniaceae + +     
Citrus  sinensis (L.) Osbeck Rutaceae     +   
Clerodendrum odoratum D.Don  Verbenaceae     + + 
Coffea arabica L Rubiaceae +       
Cryptocarya lawsonii Gamble Lauraceae +       
Cyclea peltata (Lam.) J. Hk. & Thoms. Menispermaceae +   +   
Derris sp. Leguminosae     +   
Diospyros buxifolia (Blume) Hiern Ebenaceae    +     
Diospyros sp. Ebenaceae  +       
Dodonaea viscosa (L.) Jacq.   Sapindaceae + + + + 
Elaeagnus sp. Elaeagnaceae +   +   
Elaeocarpus munronii (Wt.) Mast. Elaeocarpaceae +   + + 
Elaeocarpus serratus L. Elaeocarpaceae + + + + 
Erythroxylum moonii Hochr.  Erythroxylaceae   +     
Glochidion fagifolium Bedd. Burseraceae + +     
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Gnetum ula Brogn. Gnetaceae +   +   
Gnidia glauca (Fresen.) Gilg var. glauca Thymelaeaceae + + +   
Gomphandra coriacea Wight Icacinaceae       + 
Gordonia obtusa Wall. ex Wt. & Arn. Theaceae + +     
Hydnocarpus alpina Wt. Flacourtiaceae     +   
Hypericum mysorense Heyne Hyericaceae +   +   
Lantana camara L. Verbenaceae + + + + 
Ligustrum perrottetii A. DC Oleaceae + + + + 
Litsea beddomei Hook.f. Lauraceae   +     
Litsea wightiana (Nees) J.Hk.  Lauraceae +   + + 
Macaranga peltata (Roxb.) Muell Arg. Euphorbiaceae       + 
Maesa indica (Roxb.) DC  Myrsinaceae     + + 
Mallotus tetracoccus (Roxb.) Kurz  Euphorbiaceae       + 
Memecylon umbellatum Burm. Melastomataceae +       
Memecylon umbellatum Burm. Melastomataceae   +     
Miliusa sp. Annonaceae   +     
Mundulea sericea (Willd.) A. Cheval Fabaceae + +     
Neolitsea fischeri Gamble Lauraceae     +   
Nothopegia travancorica Bedd ex Hook.  Anacardiaceae   +     
Osyris arborea Wall. Santalaceae + + +   
Persea macrantha (Nees) Kosterm. Lauraceae     + + 
Phyllanthus emblica Linn. Phyllanthaceae + +     
Pittosporum tetraspermum Wight & Arn.  Pittosporaceae + +     
Pleurostylia opposita (Wall.) Alston Celastraceae + +     
Psidium guajava L. Myrtaceae + + + + 
Psychotria sp. Rubiaceae + + +   
Rapanea wightiana Mez. Myrsinaceae   + + + 
Rubus sp. Rosaceae     + + 
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Santalum album Linn. Santalaceae + +     
Sapium insigne Benth Euphorbiaceae +       
Scolopia crenata (Wight & Arn.) Clos var. crenata  Flacourtiaceae + + +   
Symplocos cochinchinensis (Lour.) S.Moore ssp. laurina (Retz.) Noot. Symplocaceae + + + + 
Syzygium cumini (L.) Skeels Myrtaceae + +   + 
Syzygium sp. Myrtaceae + + +   
Tarenna asiatica (L.) Kuntze ex K. Schum. var. asiatica forma rigida (Wight) Raju Rubiaceae   +     
Terminalia sp. Combretaceae +       
Trema orientalis (L.) Blume Ulmaceae   +     
Viburnum punctatum Ham. ex G.Don  Caprifoliaceae + + + + 
Wendlandia thyrsoidea (Schultes) Steud. Rubiaceae   +     
Ziziphus oenoplia (L.) Mill. Rhamnaceae  + +     
Unid sp1. Caesalpiniaceae   +     
Unid sp2. Unid +       
Unid sp3. Unid +       
Unid sp4. Unid     +   
Unid sp5. Unid     +   
Unid sp6. Unid +       
Unid sp7. Unid     +   
Unid sp8. Unid     +   
Unid sp9. Unid   +     
 
 
